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A   REVIEW   OF  ASTRONOMY   IN    1914. 


By  R.  T.  Crawford. 


At  the  close  of  a  year  in  which  our  Society  makes  an  award 
of  the  Bruce  Gold  Medal  the  subject  for  the  address  of  the 
retiring  President  is  easily  fixed  in  that  the  address  is  a  setting 
forth  of  the  reasons  for  making  the  award.  At  this  time, 
however,  altho  such  an  award  has  been  made,  the  Directors 
of  the  Society  have  ordered  that  the  cie  facto  presentation  of 
of  the  medal  shall  be  made  later  in  the  year  at  a  time  when 
many  visiting  scientists  will  be  with  us  on  account  of  various 
meetings  to  be  held  in  connection  with  the  exjxDsition.  Our 
statutes  require  that  the  medal  shall  be  awarded  at  the  annual 
meeting  of  the  Society,  and  that  the  President  shall  set  forth 
the  reasons  for  the  award.  This  medal  is  awarded,  as  you 
doubtless  know,  "for  distinguished  services  to  astronomy."  In 
order,  therefore,  to  keep  within  the  law  I  hereby  make  public 
announcement  of  the  award  of  the  Bruce  Gold  Medal  for  the 
year  1915  to  Dr.  William  Wallace  Campbell,  Director  of 
the  Lick  Observatory,  and  give  herewith  the  reason  for  this 
award  by  stating  categorically  that  Dr.  Campbell  has  *'ren- 
dered  distinguished  serv^ices  to  astronomy.'*  Undoubtedly  at 
the  i)rcsentation  dc  facto  (probably  in  August  next)  the  de- 
tails of  these  distinguished  services  will  be  given. 

Having  Ixicn  de])rived  of  this  subject  for  a  retiring  address 
I  have  decided  to  present  to  you  a  brief  review  of  the  i>rogrcss 
and  develoi^ment  of  astronomy  during  the  year  1914.  So  very 
much  is  being  done  continually  at  the  many  observatories  and 
by  the  numerous  investigators  that  I  cannot,  in  an  address  of 
this  kind.  hojK*  to  give  an  exhaustive  account.  I  shall  try 
merely  to  call  your  attention  to  the  most  important  things  that 
have  i)een  done  and  to  astronomical  ])henomena  that  have  taken 
])lace.  cautioning  you  at  the  same  time  that  there  may  be  some 
im]>ortant  develoj^nents  that  I  have  inadvertently  overlooked. 

Nineteen  hundred  and  fourteen  presented  us  with  five  comets, 
four  of  which  were  new  or  unexpected.  The  first  was  discov- 
ered by  Kkitzinger,  March  29th;  the  second  by  Zlatinsky, 
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%\»y  iftth;  the  third  by  Neljmin,  June  24th;  aiid  (he  fourth. 
fukeal-eye  coinei.  iniltpcntleinly  by  several  observers  on  Sep- 
Itetiiber  i8lh.  It  has  been  called  Comet  f  11)14  tCAMl'UKLi,) 
I'bvcauiic  this  obscr\'cr  lat  Areqiiipa.  i'crui  made  the  first  an- 
■  aouncemeni  of  the  discovery.  The  fifth  crmict  of  the  year 
M  fourth  in  order  of  discovery)  if,  Eiickc's  Conict.  which  was 
rpidccd  up  on  this  return  by  Dr.  [Iaknard  on  Septcmtwr 
1  lyih.  This  remarkable  cwnel  does  not  seem  10  have  lust 
I  imich  if  any  i>f  its  brilliancy  ^ince  its  very  first  discovery. 
I  ()n  November  lOih  it  was  reported  as  being  of  the  sixth 
I  Ota^itudc. 

Of  these  comets,  that  discovered  by  Neujwin  is  the  only  one 
I  whose  orbit  deserves  particular  mention,  This  comet  has  the 
I  second  br^^est  perihelion  distance  (5.75  astronomical  nnits)  of 
[■ny  »f  the  known  comets.  It  is  surpassed  in  this  element  by  a 
rocxnet  of  1729,  who^e  )>erihelion  distance  wa;s  4.0  astronomical 
Fsnitx.  Both  of  these  comets  are  moving  in  planes  of  high 
■inclination  and  are  probably  of  the  same  family  of  comets. 
LVftnitivc  elements  were  published  for  two  comets.,  i8yi  1 
(SwiFTt  and  t8g8\TII  (Ckask). 

The  most  important  work  concerning  the  Moon  has  been  in 

the  ctmlri  hill  tons  to  the  theory  of  its  motion  by   Professor 

L£,  W.   IJitnwv  of  Yale.     l>uring  the  year  he  has  prcsente<l 

B-Srveral    very   valualile  papers   on   thi.'>  subject   to  the   Royal 

^Agronomical  Society,     The  work  on  his  new  Tables  of  the 

I  is  Hearing  completion.     On  the  observational  .side  Pro- 

•  RiR^F-u.  of  I'rinceton  has  contributed  photographic  dc- 

minstions  of  the  [>osi(ion  of  the  Moon  which  give  results 

nibnbly  more  accurate  than  any  previous  method  of  observa- 

Profeiuor  Brown  su^esl<^  a  determination  of  the  lunar 

ftllax  by  a  similar  method. 

An  unusual  phenomena  connected  with  tlie  Moon  was  the 

nUation  of  Jupiter  visible  on  the  Pacific  Coast  the  evening 

[  OcccmbcT  joih, 

Sica'ly  iwtigress  was  made  during  the  year  in  the  study  of 
r  S«n,  bill  no  ci>och-makiiig  advance  was  made  like  Male's 
K^tMrovery.  the  previous  year,  of  the  fact  that  the  Snn  is  a  gigan- 
I  Ik  rotating  magnet.  The  total  eclipse  of  August  21st  wa^ 
wrwd  in  Russia  by  a  few  parties.    Many  of  the  best-e<iui))|)cd 
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expeditions  were  prevented  from  observing  it  on  account  of 
clouds. 

Mercury  made  a  transit  across  the  disc  of  the  Sun  November 
6th-7th.  This  was  observed  in  many  places.  Besides  noting 
the  contact  times,  measures  of  the  diameter  of  the  planet  were 
made  at  Greenwich. 

Additions  to  the  membership  of  the  solar  system  were  made 
as  usual  by  the  discovery  of  several  new  asteroids.  Besides 
these  a  very  interesting  new  member  was  discovered  by  Mr. 
Nicholson  of  the  Berkeley  Astronomical  Department.  Work- 
ing with  the  Crossley  reflector  of  the  Lick  Observatory  on 
July  2 1  St,  he  found  a  new  moon  revolving  about  Jupiter,  This 
discovery  of  the  Ninth  Satellite  of  Jupiter  marks  the  most  im- 
portant observational  discovery  of  the  year.  From  his  own 
observations,  using  Leuschner's  method,  Mr.  Nicholson  com- 
puted the  orbit  of  this  new  member  of  Jupiter's  family.  Its 
mean  distance  from  the  primary  is  18,900,000  miles,  the  great- 
est distance  from  the  primary  of  any  of  the  satellites  in  the 
solar  system.  Like  the  Eighth  Satellite,  its  motion  is  retrograde. 

The  most  important  contribution  to  the  development  of  vari- 
able-star work  has  been  the  publication  of  the  first  installment 
of  Father  Hagen's  Catalogue  of  Variable  Stars.  The  accurate 
determination  of  stellar  magnitudes  by  photo-electric  photom- 
etry has  continued  to  develop. 

The  work  of  the  Astrographic  Survey  progressed  at  a  satis- 
factory rate  during  the  year.  One  of  the  chief  difficulties  in 
obtaining  star  places  from  photographic  plates  is  the  small 
number  of  comparison  stars  usually  available.  To  overcome 
this  Dr.  ScHLESTNGER  has  recently  devised  a  method  which  is 
proving  very  efficient  for  cataloging  stars  by  using  a  doublet  of 
short  focus,  giving  a  good  field  over  a  large  area.  He  finds 
the  probable  error  of  a  position  based  upon  four  plates  is  less 
than  o".i8.  He  is  observing  now  the  zone  from  8  =  +  2°  to 
—  2°  10'.  The  regions  are  being  photographed  in  duplicate, 
the  centers  of  one  set  of  plates  being  upon  the  edges  of  others. 
In  this  way  the  mean  of  two  positions  of  each  star  will  depend 
upon  fifteen  comparison  stars.  Dr.  Schlesinger  writes:  **It 
is  hoped  that  this  work  may  not  only  prove  a  valuable  con- 
tribution to  our  knowledge  of  the  positions  and  motions  of  faint 
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nar*.  btit  that  it  may  enable  astronomers  to  dcciile  definitely 
a«  to  the  advantages  and  disad\'antages  of  this  (orm  of  m- 
ttrnment  for  wider  applications  of  the  same  kind  that  the 
future  will  demand." 

Several  interesting  investigations  have  been  made  concerning 
the  number  of  stars  and  their  light  I-'rom  an  examination  of 
(he  Harvard  tiates.  Dr.  Heme,  of  Lund,  concludes  that  the 
ntmiber  of  stars  in  the  sin'  brighter  than  the  eleventh  magnitude 
u  tX}i3.528.  or  about  25  per  square  degree.  His  study  shows 
that  the  region  poorest  in  stars  is  in  Ursa  Major,  where  the 
average  is  only  five  per  square  degree,  and  that  the  richest 
region  is  in  Ofhiuchus.  where  the  average  is  112  per  square 
degree. 

Dr.  S.  Cii.\i'MAS  contributed  an  article  to  the  Monllily 
\oli<fs  "On  the  Total  Light  of  the  Stars."  From  his  work 
he  concludes  that  the  total  light  is  equal  about  to  700  first- 
magnitude  stars;  or,  pulling  it  another  way,  equal  to  1.750 
stars  like  Polaris  or  (o  60  stars  tike  Sirius.  Further,  he  linds 
thai  "half  of  the  stars  (several  hundred  million)  give  only 
one-founh  per  cent  of  .the  total  light,  an  amount  equal  approxi- 
tnately  to  that  fnrni  four  second- magnitude  stars." 

-Wding  10  his  important  work  on  stellar  drifts,  Kaitevn 
find*  from  a  Ihoro  study  of  the  helium  stars  that  nearly  all  of 
these  »tars  in  a  great  region  of  the  southern  sky  from  Argo 
to  Scorpio  and  Qphiuchus  are  moving  together  relatively  to 
the  San.  "They  all  appear  to  be  drifting  to  a  point  5'  north- 
we«  of  I'fga." 

.\  piece  of  work  that  opens  up  a  new  field  of  investigation  is 
that  of  Dr.  Cow.f.ntz,  of  the  Bureau  of  Standards,  on  the  heal 
of  the  stars.  W'orking  with  an  apparatus  he  has  devised,  at- 
tadied  to  the  (."rossley  reflector  of  the  Lick  Observatory,  last 
Bummer  he  succeeded  in  measuring  heat  radiations  from  surs 
u  faint  ax  the  sixth  magnitude.  Among  the  interesting  things 
be  found  is  that  "for  the  same  visual  brightness  a  yellow  star 
lendft  us  more  heal  than  a  white  one.  and  a  red  star  more  than 
•  yellow." 

Of  the  work  on  the  nebuUc.  probably  the  most  important  con- 
tribution of  the  year  was  that  made  by  Dr.  Supiieb  in  his  di»- 
COTxry  of  the  rotation  in  the  Spindle  Mcbula  in  I'irgo,  X,  G.  C, 
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4594.  Dr.  Wolf  had  previously  obtained  evidence  of  rotation 
in  the  nebula  M81.  "These  recent  developments  will  be  fol- 
lowed with  great  interest,  as  a  study  of  internal  motions  in 
nebulae  must  help  considerably  in  the  task  of  assigning  to  them 
their  proper  place  in  an  ordered  cosmogony." 

Kaptevn  and  others  have  heretofore  shown  that  there  is 
undoubted  evidence  of  a  general  absorption  of  light  in  inter- 
stellar space.  Recently  Dr.  Barnard  has  brought  forth  con- 
vincing evidence  of  another  kind  of  absorption  in  the  investi- 
gation of  the  remarkable  black  spots  in  the  Milky  Way.  He 
shows  conclusively  that  such  a  spot  is  nothing  else  than  an 
*'opaque  body  in  front  of  the  star-cloud  which  hides  part  of  it." 

Along  gravitational  lines.  Dr.  LkrrTLixc.ER,  of  Munich,  pre- 
sents an  interesting  paper  on  the  absorption  of  gravitation.  He 
attempts  to  show  that  gravitation  is  absorbed  in  traversing  a 
medium.  His  opinion  is  that  the  attraction  of  the  Sun  for 
the  Moon  is  enfeebled  at  the  time  of  a  lunar  eclipse. 

Probably  the  most  valuable  contribution  to  theoretical  astron- 
omy during  the  year  is  that  of  Dr.  Stromc.rex.  This  is  an  in- 
vestigation of  the  perturbations  of  comets  suspected  of  moving 
in  hyperlx>lic  orbits.  He  concludes  that  "there  is  no  evidence 
that  any  comet  ])ursucs  a  hyperbolic  i)ath.  except  in  so  far  as 
it  has  l>een  perturbed  by  planets  in  its  a])proach  to  the  Sun." 
His  researches  appear  to  establish  conclusively  that  the  comets 
have  their  origin  within  the  solar  system.  The  most  important 
part  of  his  paper,  however,  is  in  the  point  that  he  makes  and 
proves  that  in  sf^ecial  perturbations  the  indirect  terms  due  to 
the  action  of  Saturn  should  alwavs  be  taken  into  account. 

In  ]>ractical  astronomy,  the  most  interesting  (levelo])nient  has 
been  in  the  determination  of  longitude  thru  the  exchange  of 
signals  by  wireless.  A  cam])aign  for  this  pur])ose  was  carried 
on  bv  the  national  observatories  in  Paris  and  Washinuton. 

A  new  determination  of  the  Constant  of  Aberration  has  been 
made  by  Dr.  Ross,  using  his  i)hotogra]>hic  zenith  telesco])e  at 
( laithersburg.     His  value  is  20". 495. 

Advances  have  been  made  during  the  year  in  the  way  of 
large  ecjuipment.  The  building  for  the  housing  of  the  great  roo- 
inch  reflector  on  Mount  Wilson  is  well  under  wav.  The  mirror 
for  the  72-inch  reflector  for  the  Canadian  Government  is  in  the 
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•  o/  coBstrucliun  by  Uju;>U£Ait.  A  Mtc  for  the  ot)i»ervalor>- 
*  hoasc  it  has  been  secured  near  Victoria.  B.  C.  The  new 
'  JO-inch  refractor  for  l!ic  Chabfjt  Observatory  of  the  cily  of 
I  OakUiitl,  Cal.,  is  well  on  its  way  toward  completion.  Wcsleyati 
'  Umvenily  has  been  furnished  with  the  new  Van  \leck  Ob- 
^  acrvaiory,  the  principal  instrument  of  which  is  an  tS^^-iach 
r  refractor. 

New  Zealand  has  been  fortunate  in  the  gift  of  £50.cx»  by 
I  Mr,  Cawth(i«sk  to  "ensure  the  proi)cr  equipment  and  su]>port 
I  for  the  new  Solar  Physics  Observatory  at  Nelson."  Mr,  Caw- 
[  THciRXK  had  already  endowed  the  observatory. 

[a  speaking  of  instruments  it  may  be  of  interest  to  note  that 
I"  Loft)  Rosses  great  (>-foot  telescope  has  recently  been  presented 
L  to  the  Science  Museum  at  South  Kensington. 

In  T914  the  S'aulical  Ahtuinac  and  .-/t«t'riroii  Epheiiwris  for 

I1916  appeare<l.     This  issue  marks  a  tlecided  advance  in  this 

ler  similar  jHiblications.     With  this  number  is  inaugu- 

|*tfic  scheme  of  international  co-o)>eralion  adopted  by  the 

sof  representatives  of  the  various  national  ephemcrides 

P^lkcM  in  Paris  in  1911. 

The  great  war  has  made  itself  felt  in  various  ways  in 
I  axtrimomy.  Naturally,  the  number  of  foreign  publications  has 
I  materially  rurt:iile<l.  Many  scientists  of  the  iKlligereui 
I  nations  have  left  their  inslrunienls  and  gone  to  the  froni.  Tlie 
'  work  of  the  intrmalional  latitude  observatories  has  been  stopped 
in  part,  and  the  interruption  of  the  whole  work  is  quite  possible. 
The  meeting  of  the  Astronomische  Gescllschaft.  planned  to  be 

I  held  .August  2(itb-30lh  in  Russia  was  of  course  abandoned. 
An  evtnt  interesting  to  aslrononicrs  and  mathematicians  oc- 
icorred  July  24lh  and  a  few  following  <lays,  when  the  Napier 
Tercemenar>'  Celebration  was  helil  in  Kdinburg.  Napier's 
ibmons  "f-ogarithmus  Canonis  Mirifici  Descriptio"  was  pub- 
^sbed  in  1614. 
The  tniiwrtant  medal  awards  of  the  year  are:  The  frtiUI 
'Mcftal  of  the  Royal  .\sirfmomical  Society  to  Professor  M. 
hWoLF.  of  Heidelberg,  for  his  work  in  the  region  of  celestial 
pbotoRraphy  and  spectroscopy;  the  Hold  Nfedal  of  the  Royal 
Society  to  Professor  R.  \V.  Mkown.  of  Yale,  for  his  work  on 
the  motion  of  the  Moon :  the  Bnice  Ciold  Medal  of  the  .\stro< 
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nomical  Society  of  the  Pacific  to  Dr.  O.  Backlund,  of  Pul- 
kowa,  for  his  work  on  Encke's  Comet  and  other  investigations 
in  theoretical  astronomy;  the  Draper  Medal  of  the  National 
Academy  to  Professor  Joel  Stebbins,  of  the  University  of 
Illinois,  in  recognition  of  his  work  in  the  application  of  the 
selenium  cell  to  celestial  photometry. 

Every  year  sees  the  passing  of  many  prominent  men  of  sci- 
ence and  letters.  Astronomy  suffered  severely  in  19 14  thru  the 
death  of  two  of  its  most  eminent  followers,  Sir  David  Gill 
and  Dr.  G.  W.  Hill,  names  worthy  of  a  place  along  side  of 
those  of  any  time.  In  addition  to  these,  1914's  death-roll  in- 
cludes the  following  prominent  workers  in  astronomy:  E.  S. 
Holden,  the  founder  of  this  Society;  R.  Lehmann-Filhes, 
C.  F.  Peciiule,  N.  C.  Duner,  and  Winslow  Upton.  Sir 
David  and  Dr.  Hill  were  Bruce  Gold  Medallists. 

In  reviewing  the  work  of  the  year,  we  find  no  striking  dis- 
coveries as  in  some  years,  such  as  Kaptevn's  star  streams,  or 
Campbell's  that  the  velocities  of  the  stars  increase  with  their 
effective  ages,  or  Hale's  that  the  Sun  is  a  magnet.  There  is  to 
be  noted,  however,  a  very  healthy,  steady  progress  along  all 
lines. 
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THE  EBRO  OBSEK\'ATORy.  TORTOSA.  SPAIN. 

Bv  M.  SmvA,  S.  ;. 

The  Ebro  Observatory  is  located  in  the  southern  part  of 
Cataluiia,  lo  the  north  of  the  old  kingdom  of  Valencia,  near 
(he  mouth  of  the  Ebro  River  at  a  distance  of  about  20  kilo- 
meters from  the  sea.  Situated  on  the  ed^e  of  a  small  phitean 
which  rise*  from  the  western  part  of  the  Ebro  \' alley  some  40 
meters  above  it,  and  at  an  altitude  of  51  meters  above  the  level 
of  the  sea,  it  commamis  a  view  which  is  a  delight  to  the  eye. 
To  the  cast  and  south  one  sees  in  the  inmicdiate  foreground 
ihe  town  of  Koquctas,  and  beyond,  the  city  of  Tortosa  with 
it),  arehitectur-al  momuncntii.  busy  factories,  olive-oil  refineries, 
and  old  fortifications.  The  majestic  Ebro  River,  just  at  the 
end  of  iM  course,  winds  thru  beautiful  orchards  of  oranges, 
peart,  peaches  and  almonds.  Twelve  kilometers  to  the  west  are 
ccen  the  arid  and  fantastic  Caro  and  Espina  moimtains.  The 
dive  tree  grows  all  over  the  small  hills  and  endless  plains. 
The  climate  is  mild,  rather  dry,  and  the  percenL-ige  of  sunny 
days  is  high.  The  latitude  of  the  observatory,  determined  by 
the  Takott  method  and  by  connection  with  geo«letic  points  is 
►"  49'  14"  N.:  the  longitude  is  E.  Greenwich  o*  I"  58", 
The  founder  and  present  director  of  the  Ebro  Observatory  is 
Rev.  RiciiAfU)  CiRKRA.  S.  j.  While  in  charge  of  the  magnetic 
department  of  the  Manila  Observatory.  Manila.  P.  1.,  the  ad- 
visability of  obtaining  simultaneous  observations  of  solar  activ- 
ity and  terrestrial  magnetism  was  forcibly  impressed  upon  his 
mind.  His  visit  to  the  principal  observatories  of  France,  Bel- 
gium, England.  Crermany,  Austria  and  Italy,  and  the  scientific 
Suggestions  of  prominent  continenul  astronomers — Messrs, 
DbslaNures,  Ev£Rstt£i>.  Mascaht.  Loewv.  Moukeaux.  Vicen- 
TiKi.  SciiWARzsciiiLO.  Grablowitz  and  Landeseii— culminat- 
ed in  the  esublishment  of  an  astrophysical  obser\'atory  at  Tor- 
tosa, wlierc  the  princi[>al  object  is  to  find  out  the  relation 
between  solar  activity  and  the  atmospheric  and  magnetic  varia- 
tioQS  of  our  planet.  The  observator>-  is  of  a  private  character 
is  not  connected  with  any  stale  cdl^:e  or  university.    The 
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Province  of  Aragon  of  the  Society  of  Jesus  is  to  be  credited 
with  the  scientific  triumph  of  having  established  in  Tortosa 
a  philosophical  department,  chemical  laboratory,  biological  sta- 
tion and  astrophysical  observatory.  Prominent  business  men 
and  highly  cultured  citizens  gave  their  support  to  the  observa- 
tory: the  Ebro  spectroheliograph,  the  first  of  the  kind  to  be 
used  in  Spain,  is  a  munificent  gift  of  Mr.  Girona;  but  it  is 
to  Mr.  Pedro  Gil  de  Mora  that  the  observatory  looks  as  its 
greatest  benefactor  and  quasi-founder. 

The  principal  instruments  of  the  observatory  have  been  in 
regular  use  since  1905.  The  Tortosa  observations  of  the  solar 
eclipse,  August  30,  1905,  have  proved  of  high  value  to  solar 
research  and  the  observatory  was  the  observing  station  of  sev- 
eral parties,  from  Spain  and  abroad,  and  the  meeting  place 
of  prominent  astronomers  of  France,  England,  United  States, 
Germany,  Belgium,  Spain  and  Portugal.  In  August,  1910,  the 
director  attended  the  meeting  of  the  International  Union  for 
Cooperation  in  Solar  Research  held  at  Mount  Wilson.  Pasa- 
dena, California,  during  the  week  of  August  29th  to  September 
4th.  This  occasion  aflPorded  him  both  the  opportunity  and 
the  pleasure  of  visiting  the  leading  observatories  of  the  United 
States.  The  reflections  on  his  scientific  travels  in  Europe,  as 
well  as  in  America,  were  embodied  in  his  book,  "Viajes 
Cientificos." 

The  cooperation  of  the  observatory  in  every  astronomical 
or  magnetic  investigation  of  general  character  has  been  sought 
by  both  parties  of  the  Spanish  government.  Lately  an  appro- 
priation was  passed  by  both  Houses  to  defray  the  expenses  of 
the  publications  of  the  observatory.  Thru  the  efforts  of  the 
director,  an  astronomical  section  was  created  in  the  Spanish 
Association  for  the  Advancement  of  Science.  King  Alfonso 
XIII  himself  paid  a  highly  complimentary  visit  to  the  observa- 
tory. The  technical  work  of  the  observatory^  and  the  enthu- 
siasm of  its  astronomers  in  spreading  astronomical  knowledge 
among  the  people  has  been  solemnly  and  officially  recognized 
by  King  Alfonso  XIII  in  awarding  in  1914  the  Gran  Cruz  de 
Alfonso  XII  to  Fr.  Richard  Cirera. 

The  scientific  activities  of  the  observator}'  are  carried  on  by 
four  departments  —  astronomy,  terrestrial  magnetism,  atmo- 
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I  ^>henc  electricity,  ami  meteorology.    A  sjieciaHst  is  in  charge 
Fof  each  <kpartment. 

.■istrvHomical  Dcpivlinct.  —  Astronomical   observations   at 

I  T*»no*a  arc  confined  solely  to  the  Sun  and  the  equipment  is 

I  4cMgi»cd  with  this  object  in  view.  The  e<|ti3tonaI,  made  by 

IMaili-it,  o(  Paris,  carries  two  objectives  of  162  millimeters 

I  *pcnure  and  2.10  meter  focal  length.     One  is  corrected  (or 

e  photi^aphic  rays  and  the  other  for  the  visual  region.  The 

I  Tt|^t-a.«cension  circle  gives  the  second  of  time  and  the  declira- 

[  tii)n  circle  reads  to  20".    The  focal  image  of  the  .Sun  is  about 

>  millimeters  in  diameter,     .\n  enlarging  system  brings  it  to 

I  tbe  standard  stxe  of  200  millimeters  on  the  ;riiotographic  plate. 

rPh<nogra|)hs  of  the  Sun  are  taken  on  every  available  day  with 

I  ttie  photographic  equatorial.    The  hehographic  positions  of  the 

I  Mifl-spiXs  are  deduced  from  the  plate,  cither  by  the  method 

^Viscd  at  Cireenwich,  by  means  of  the  position  micrometer  or 

'  diflerent  graphs.     The  measurc<l  surface  of  the  sun-spots 

I  read  in  scjuare  millimeters  and  tenths  of  -a  S(|uare  millimeter, 

nd  the  reduced  surface  i$  computed  to  millionths  of  the  solar 

tiispherc-     Flocculi  or  calcium  vapors  in  the  Sun's  cromo- 

e  are  studied  b\'  means  of  an  Evershed  spectrohcliograph. 

I  excellent  specin^oniomelcr  of  four  prisms,  in  connection 

Bwith  a  coclostal  affords  an  opportunity  of  determining  the 

Itxlml  velocities  of  different  vapors  of  the  solar  aimos|^crc. 

e  importance  of  solar  radiation  work  to  detennine  the  solar 

mslam  was  early  recognized  and  fully  realized  by  the  dircc- 

(.Miicn'ations  have  been  carried  on  daily  with  an  .\ngstrom 

mpensaling  pyrheliometcr. 

Magnetic  l>cpaTtmfttl. — The  magnetic  observations  consist 

I  the  determination  of  absolute  values  of  the  intensity  and 

SrvcHon  of  the  Earth's  magnetic  field  and  of  the  variation  of 

1  intensity.     The  absolute  measures  arc  taken  in  a  pavilion 

favorably   located.     There  is  not   a   single   trolley   line 

ing  the  busy  Tortosa  with  Koqnclas  and  Arrabal  del 

Bsus.  and  this  is  a  great  blessing  the  olwervatory  people  are  to 

K  thankful  for.   The  industrial  electric  currents  rendered  worth- 

1  the  magnetic  observations  of  the  magnetic  observatory  of 

•are  Saint  Maur,  near  Paris.     The  magnetic  observatories  of 

nwich.  Kiev,  Pcrpignan.  Nice.  Lyons  and  Manila  either 
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had  to  be  transferred  to  a  safer  place  or  had  to  be  abandoned 
or  greatly  modified.  Again  magnetic  iron  is  highly  detrimental 
to  absolute  magnetic  measures.  A  careful  geologic  and  petro- 
graphic  study  of  the  region  surrounding  the  observatory  was 
made  before  the  site  of  the  magnetic  pavilion  was  chosen. 
Wood  was  the  only  material  of  construction :  the  locks,  latches, 
hinges,  keys,  screws,  every  metallic  piece  is  of  copper;  the 
supporting  piers  are  of  stone  and  marble.  Since  the  distance 
between  the  absolute  measures  pavilion  and  the  variation  pa- 
vilion is  only  14  meters,  the  magnetic  field  can  be  taken  to  be 
the  same  for  both  observing  houses.  Wood,  local  stone,  copper 
and  zinc  were  used  for  construction :  every  material  was  tested 
by  the  Dover  magnetometer  before  it  was  admitted  and  used. 
The  thermographs  show  practically  no  variation  of  temperature 
in  the  inclosed  piers. 

It  will  be  well  to  recall  to  our  minds  that  the  seven  magnetic 
elements  are:  the  declination,  the  inclination,  the  horizontal 
component,  the  vertical  component,  the  total  intensity,  the 
north  geographic  component  and  the  east  component.  Out  of 
these  seven  elements,  the  three  which  are  most  easily  deter- 
mined by  absolute  measures  are  the  declination,  the  horizontal 
component  and  the  inclination.  The  Ebro  Observatory  is  pro- 
vided with  a  Dover  unifilar  magnetometer,  Kiew  type,  whose 
constants  were  determined  at  the  National  Physical  Laboratory 
of  England,  to  measure  the  declination  and  the  horizontal 
component.  A  Schulze  terrestrial  inductor,  Potsdam  type, 
measures  the  inclination,  to  a  tenth  of  a  minute  of  arc.  In  the 
variation  pavilion  the  declination  is  measured  by  a  declinometer, 
the  horizontal  component  by  a  bifilar  and  the  vertical  component 
by  a  magnetic  balance,  all  of  Mascart  type. 

The  excellent  location  of  the  observatory  and  the  efficiency 
of  its  apparatus  caused  the  Spanish  Government  to  request  the 
director  that  the  Ebro  Observatory  be  made  a  central  magnetic 
station  in  the  construction  of  the  magnetic  chart  of  Spain.  It 
is  intended  to  combine  the  magnetic  observations  of  Tortosa 
with  those  already  made  at  San  Fernando  and  Lisbon.  It  is 
expected  that  the  comparison  of  the  magnetic  observations  of 
Val  Joyeux,  near  Paris,  with  those  of  Tortosa  will  eventually 
lead  to  the  value  of  the  secular  variation  corresponding  to  the 
south  of  France. 
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EUelro-Mftforologie  Dt'parttncni.  —  It  is  ncetllpss  it>  *ay 
lat  Fortin  and  Tonnctot  barometers,  maximum  and  minimum 
jhermnmctcrs,  Arago  actinomcter.  sunshine  recorder,  Comu 
pbatopolarimcter,  Besson  nephoscope.  Richard  barogmphs. 
lhcnnognph«,  anemographs,  anil  hydrographs  are  ihe  appara- 
tus ns«i  for  the  dnily  or  weekly  record  of  the  atiuosphcric  vari- 
ations am)  for  ihe  tocal  forecast  of  the  weather. 

In  the  electric  section,  the  ions,  the  atmospheric  potential. 
Rem  waves  and  Idluric  currents  are  the  object  of  investiga- 
The  study  of  atmospheric  ions  can  be  accompli&ticd  by 
finding  either  relative  \'alues  that  give  a  vagiie  idea  of  the 
fanizatiim  of  the  air  or  absolute  values  of  the  conductivity 
And  of  its  elements.  We  know  the  relative  values  from  the 
determination  of  the  coefficient  of  electric  dispersion  b>'  means 
of  an  Glster  and  Geitel  apparatus.  The  number  of  ions  and  the 
wbsolnte  conductivity  of  the  air  is  computed  from  the  data 
Vbtained  from  a  Gerdien  apparatus  of  the  early  tyi)e.  A  reg- 
lucring  apparatus  in  connection  with  a  Thompson-Cliauvenau 
rtor  and  two  Thompson-M  ascart  quadrant  electrometers  of 
Sffcrcnt  »enMt>iIity  record  the  variations  of  atmospheric  jwtcn- 
il.  Absolute  mea.ttires  of  atmospheric  potential  are  made  at 
I  isolated  station,  at  some  distance  from  the  obser\'atory.  in 
ler  to  be  free  from  the  effect  of  local  perturbations  produced 
f  baiMings  and  sumninding  uecs. 

It  is  well  known  that  when  we  have  an  electrical  disturbance 

I  die  atmosphere,  this  disturbance  is  the  source  of  electro- 

:  waves  similar  to  those  produced  in  wireless  teleg- 

f  TTjesc  waves  may  be  detcctetl  and  recorded  by  a  special 

■  similar  to  that  used  as  a  receiver  for  ordinary  waves 

s  tel^raphy.    Tlii*  instnmieni  is  known  as  a  cerauno- 

Tbc  Tortosa  ceraunograph  gives  a  continuous  record 

:  storms  ocnirring  in  the  neighborhood  or  within  a 

1  distance  from  the  Ebro  Valley. 

I  artificial  electric  waves  excited  bj-  the  trolley  cars, 

\  and  electric  plants  of  our  industrial  cities,  there  arc 

1  electric  wave*  moving  along  the  crust  of  the  Earth. 

t  they  have  cut  off  telegraptiic  communication;    at 

s  in  1859,  between  Portland  and  Boston,  the  dif- 

;  of  potential  of  the  telluric  curreni»  between  the  tcr- 
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minals  of  the  line  has  been  such  that  telegraphic  messages 
could  be  sent  thru.  For  the  observation  of  telluric  currents, 
the  Ebro  Observatory  runs  a  1420-meter  line,  west-east,  to 
el  Colegio  Maximo  and  another,  north-south,  to  a  point  1,280 
meters  distant  from  the  observatory;  the  angle  between  the 
two  lines  is  87**  21'  towards  the  east.  The  entrance  wires  are 
joined  to  two  Despretz  and  D* Arson val  galvanometers  and  the 
deviations  are  recorded  on  the  photographic  registering  appa- 
ratus. The  seismological  equipment  consists  of  a  Vicentini 
seismograph  and  two  Grablowitz  pendulums. 

Publications. — Four  Memoirs  have  been  published  by  the 
observatory  staff.  In  the  first  the  observatory  was  introduced 
to  the  astronomical  world,  its  instruments  described,  its  pro- 
gram outlined,  and  the  results  of  its  observations  of  the  solar 
eclipse,  August  30,  1905,  made  public.  In  the  second.  Rev. 
Mariano  Balcells,  S.  J.,  gives  a  detailed  description  of  the 
astronomical  instruments  of  the  solar  department  and  outlines 
the  problems  of  solar  research.  The  author  had  come  to 
America  to  work  under  the  direction  of  the  inventor  of  the 
spectroheliograph  and  was  taking  several  courses  in  the  Massa- 
chusetts Institute  of  Technology  when  his  life  was  untimely 
cut  off.  E.  Merveille,  S.  J.,  and  J.  Garcia  Molla,  S.  J.,  are 
credited  with  the  description  of  the  instruments  and  exposition 
of  the  problems  of  the  magnetic  and  electric  departments. 

Since  1910,  the  observatory  issues  a  regular  monthly  bulletin, 
printed  in  two  languages,  Spanish  and  French.  It  gives  the 
numerical  data  of  observation  in  heliophysics,  meteorology  and 
geophysics.  For  a  comparison  of  the  results  obtained  in  these 
three  departments  of  research,  these  data  are  plotted  in  dia- 
grams on  which  days  and  fractions  of  a  day  are  taken  as 
abscissae  and  the  values  in  the  proper  unit  of  the  particular  ele- 
ment under  consideration  as  ordinates. 

These  charts  exhibit  then,  on  the  same  page,  for  each  hour 
of  the  day,  the  number,  position  and  area  of  sun-spots  and 
flocculi :  the  hours  of  sunshine  and  of  clouds,  the  atmospheric 
pressure,  humidity,  temperature,  direction  and  velocity  of  the 
wind,  atmospheric  potential  and  telluric  currents;  the  mag- 
netic intensity  and  declination,  and,  finally,  the  occurrence  and 
intensity  of  seismic  phenomena. 
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/frrrwo,— What  ihe  ScientHic  American  is  for  the  American. 

ECo-ti'M'x  fof  the  Frcnchtiiaii,  Saturtr  for  the  Englishman,  that  is 

1  tbrrica  for  the  Spaniard.    The  necessity  of  a  weekly  scientific 

well   illustrated   and   with   up-to-<latc  articles   was 

;  fdt  by  SpanisJi-si>caking  people.     That  Iberica  supplies 

Us  need  is  plainly  shown  by  the  fact  that  two  months  after  its 

rappearince  the  copies  of  Iberica  were  spread   all   over  the 

provinces  of  Spain  and  the  different  South  American  republics. 

1  have  seen  Iberita  on  the  shelves  of  the  great  lilwaries  of 

Bnainn.  Xew  Vork  and  San  Francisco,  as  well  as  in  the  'private 

I  libraries  of  distinguished  scientific  men  of  this  country. 
Mr.  HAHaTDK,  January  ao,  1915. 
PI 
The  position  of  the  Mire  with  reference  to  the  true  meridian 
has  been  dcriii-ed  from  the  meridian-circle  obscrvatiuns  of  the 
post  year.  Evidence  of  change  in  its  position  was  apparent  in 
the  current  reductions  fur  clock  errors,  made  usually  once  a 
week,  and  at  the  close  of  the  year  the  definite  computations  of 
;  uitnuih  furnish  material  for  the  complete  comparison  of 


ERIODIC  VARIATION   I\  THE  POSITION  OF  THE 
MIRK  IN   1914. 


It  is  necessary  to  consider  all  the  sources  of  possible  syste- 

Btic  error,  in  order  that  these  shall  be  eliminated  from  the 

lulta.    Systematic  ernjrs  in  the  right  ascensions  of  the  circimi- 

polar  Mars,  employed  for  the  determination  of  the  arimuth  of 

the  meridian  circle,  might  be  sus|>ected  of  producing  ap|>arent 

periodic  changes  in  the  position  of  the  Mire.    A  very  complete 

ssion  of  the  determinations  of  the  Mire  was  puMished  in 

k  Obsen-atory  liidielin.  No.  213,  in  the  year  1912.  That 

was  based,  primarily,  on  the  observations  of  Polaris, 

[  the  fundamental  work  of  ihc  years  1905  to  igoS,  and 

were  acconlingly  unaffected  by  systematic  errors  of 

t  aaceiision.     The  results  of  the  meridian-circle  observa- 
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tions,  previous  to  the  beginning  of  the  fundamental  work,  were 
also  tabulated,  as  well  as  the  general  trend  of  the  changes  up 
to  the  year  191 2.  The  fundamental  work  showed  a  distinct 
annual  periodic  term,  a  daily  periodic  term,  and  a  secular 
change  which  seemed  to  have  been  continuous  from  1904 
to  1912.  The  observations  of  the  eleven  years,  from  1893 
to  1904,  gave  a  well-determined  annual  term  of  the  form, 
—  o".o6o  sin  Ao,  where  Aa  was  reckoned  from  the  first  of 
December;  and  the  application  of  this  term  reduced  the  aver- 
age residuals  per  month  from  o".029  to  o".oo6,  which  is  distinct 
evidence  of  the  faithfulness  of  the  term  in  reproducing  the 
variation.  Since  1912  the  secular  change  appears  to  have 
ceased,  and  there  was  only  slight  indication  of  such  change 
previous  to  1904.  In  those  eight  years,  the  total  amount  was 
nearly  0*4  or  about  6'\  At  the  distance  of  the  meridian  mark 
from  the  instrument,  a  change  of  2"  corresponds  to  about  a 
hundredth  of  an  inch.  The  tiny  hole  in  the  metal  disc,  which 
gives  an  illuminated  circle  for  the  meridian  mark,  lies  to  the 
west  of  true  south,  and  is  about  12"  in  diameter.  The  move- 
ment is  toward  the  east  in  winter,  reaching  a  minimum  distance 
in  March  and  a  maximum  in  late  summer.  In  the  discussion 
of  its  position,  given  in  the  published  Bulletin,  the  systematic 
observations  of  Polaris,  and  the  continued  series  of  the  early 
night  observ^ations  unite  in  confirming  the  annual  term,  while 
the  daily  periodic  term  is  only  evident  in  the  observations  of 
Polaris,  which  were  made  at  every  hour  of  the  day  and  night. 
In  the  present  series  for  1914,  the  determinations  were  gener- 
ally included  between  8  p.  m.  and  midnight,  tho  some  were 
made  an  hour  or  two  outside  these  limits. 

The  following  tabulation  of  AM  is  made  up  by  combining 
the  means  of  eight  consecutive  nights,  which  constitute  a  pro^ 
gram  containing  the  same  fundamental  stars,  with  the  monthly 
means.  The  programs  give  somewhat  unequal  distribution  in 
the  year,  owing  to  the  bad  weather  of  January,  April  and  De- 
cember, while  the  monthly  means  have  considerable  variety  of 
weights,  from  April  with  two  nights,  to  July  and  November 
with  thirteen  each.  The  combination  gives  a  better  distribution 
of  the  same  material.  The  values  tabulated,  with  the  respective 
dates,  have  been  plotted,  to  give  a  graphical  illustration  of  the 
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periodic  variation.  The  values  have  not  been  smoothed  out 
into  curves;  but  the  more  regular  one,  in  broken  lines,  can 
be  easily  distinguished  as  that  of  the  periodic  term  from  eleven 
years. 

Date  Mean  AM        Reduced  AM  v. 


Jan.     25 

0».52I 

0-.569 

-{-•.OI2 

Feb.    21 

481 

.540 

—  .017 

Mar.    17 

.513 

.570 

-I-.OI3 

May      3 

.546 

.573 

-f  .016 

June      I 

$22 

5^2 

—  .035 

June    23 

.565 

.54^ 

—  .015 

July    20 

.601 

•555 

—  .002 

Aug.    27 

.596 

.536 

—  .021 

Sept.   24 

.605 

.550 

—  .007 

Oct     23 

.623 

.587 

4-030 

Nov.    1 1 

.597 

.578 

-I-.02I 

Dec.    21 

.539 

.559 

-I-.002 

Mean. 

—  0-.559 

o».557 

V. 

±0.039 

±  o'.oi6 

The  probable  errors  of  determination  give  some  indication 
of  the  real  nature  of  the  variation.  The  detennination  of  the 
|x>sition  of  the  Mire  is  practically  free  from  any  effect  de- 
pending upon  instnmiental  errors,  and  variations  of  these 
errors.  The  azimuth  has  been  determined  from  two  pairs 
of  circum|K>lar  stars  each  night,  near  the  beginning  and  the 
cli>se  of  ol)servations,  with  an  interval  of  approximately  three 
hours;  and  the  reading  on  the  Mire  has  usually  been  taken 
very  close  to  the  epoch  of  each  pair  of  circumpolars.  The 
change  in  the  i)osition  of  the  Mire  each  night  can  then  be  com- 
[>are<i  with  the  change  in  the  azimuth  of  the  instrument,  and 
in  general  these  changes  confirm  each  other,  allowing  for  errors 
of  observation. 

The  f>rol)able  error  of  a  single  detennination  of  the  Mire  is 
quite  exactly  zz  c/.oio.  as  found  from  the  comparison  of  the 
two  values  of  each  night.  This  includes  the  error  of  reading 
on  the  Mire,  and  the  error  of  azimuth  from  the  two  pairs  of 
circum|)olar  .stars:  and  the  effect  of  changes  in  the  position 
of  Mire  and  instrument  augments  this  probable  error,  when 
the  changes  do  not  agree  in  direction  and  amount. 
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The  azimuth  is  the  noticeably  variable  correction  to  the 
TDcricltarKircle  obscrvalions.  It  has  been  found  to  have  a 
range  in  the  past  year  of  o'/)^.  which  is  9"  .5.  On  three  quaners 
of  the  nights  of  this  perio<!,  the  progressive  variation  is  large 
enuf  to  include  a  rate  of  change  in  the  azimuth  correction,  at 
least  (f.02  in  the  three  hours.  The  changes  from  day  to  day 
in  the  azimuth  correction  do  not  appear  to  follow  any  law.  and 
those  between  adjoining  dates  of  observation  are  often  com- 
I»araiively  large.  The  direction  of  llie  change  is  more  often 
negative  than  positive,  for  the  hours  employed  in  this  scries, 
in  the  proportion  of  two  to  one :  while  of  the  changes  in  excess 
of  if.02,  the  proportion  of  negative  to  positive  is  three  to  one. 
This  is  an  indication  of  a  daily  term  in  the  variation  of  the 
azimuth  of  the  instrument.  The  change  during  a  night  does 
not  give  any  indication  of  the  value  found  for  the  night  suc- 
ceeding, and  ihcrc  is  no  evidence  of  progressive  changes  in 
luth. 

To  follow  tip  ihe  probable  error  results,  from  the  cotnbina- 
n  of  values  of  AM  in  groups  of  four  nights,  when  the  same 
lirs  of  circumpolar  stars  were  used,  and  the  instrument  was 
I  the  same  position,  the  p.  e.  of  a  single  night  is  found  to  be 
tCoiS.  This  is  double  Ihe  value  which  would  result  from 
cidental  emir  of  observation,  and  is  thus  an  indication  that 
c  poctition  of  the  Mire  changes  fn>m  night  to  night, 
I  a  further  check  u)«>n  systematic  errors  due  to  the  right 
isioiis  of  tlw  circumpolar  stars,  if  the  probable  error  of  a 
»  of  four  nights  is  determined  from  the  comparison  of 
f  four  nights  clamp  cast  and  four  ni^ts  clamp  west,  with 
;  same  pairs  of  circiimpolars.  this  is  found  to  be  :=  0^.027, 
^Idng  successive  groups  of  four  nights  in  the  same  position 
I  the  hwtniment.  but  with  different  pairs  of  circumpolar  stars. 
I  approximately  two  hours*  interval  Ixtween,  the  probable 
r  of  a  group  of  four  is  ±  0^.015.  This  is  not  only  an 
tdication  thai  the  systematic  errors  of  right  ascension  are 
(  of  importance,  but  would  seem  to  indicate  that  some  resid- 
1  error  is  due  to  the  reversal  of  position,  possibly  to  error  in 
e  arlnpted  values  of  the  collimation.  The  size  of  the  probable 
I  of  the  group*,  when  compared  with  those  of  single 
,  0,1*0  indicates  change  in  the  position  of  the  meridian 
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mark.  The  probable  error  of  a  group  of  four  nights,  derived 
from  a  mean  value  of  the  meridian  mark  for  the  year,  is 
dt  0^.037,  which  indicates  again  the  existence  of  changes  in 
position,  aside  from  the  errors  of  determination. 

If  we  adopt  the  periodic  term  in  the  change  of  position, 
given  by  the  eleven-year  period,  1893  to  1904,  the  probable 
error  of  a  group  of  four  is  reduced  to  ±:  0^.024,  two  thirds  of 
the  p.  e.  without  the  application  of  the  periodic  term 
correction. 

In  the  plot  of  the  different  determinations  of  the  Mire  posi- 
tion, the  curve  approximates  very  closely  the  sine  curve  given 
by  the  expression  derived  from  the  eleven-year  continuous 
period.  It  would  not  follow  a  temperature  curve  for  the  year, 
since  the  maximum  and  minimum  points  occur  near  the  equi- 
noxes. The  total  range  of  AM  is  3".6,  from  the  extreme  daily 
measures;  the  groups  of  four  nights  give  a  range  of  3".o; 
while  the  programs  of  eight  nights,  averaging  a  month  each, 
have  a  range  of  2".o,  equivalent  to  one  hundredth  of  an  inch. 
The  formula  for  the  periodic  variation  of  the  monthly  values 
has  an  amplitude  of  0M2,  or  i".8. 

In  the  probable  error  tests  of  the  original  results,  the  fact 
that  the  computed  probable  error  is  much  smaller  than  the 
average  of  the  residuals  indicates  that  these  latter  do  not 
follow  the  law  of  accidental  error,  they  being  actually  nearly 
uniform  in  size,  with  none  exceeding  twice  the  average.  In 
the  discussion  of  the  values  corrected  for  periodic  variation, 
the  individual  residuals  conform  l:)etter  to  the  law  of  accidental 
error,  and  single  residuals  ecjual  three  times  the  probable  error, 
while  the  relation  between  average  residual  and  probable  error 
is  closely  that  t^ivcn  by  the  theory  of  accidental  errors.  Tests 
by  probable  error  can  easily  be  misinterpreted,  and  conclusions 
in  regard  to  the  ])recision  of  observations  can  be  drawn  that 
are  far  from  valid ;  but  the  proper  use  of  the  tests  can  often 
give  us  direct  testimony  of  the  existence  of  systematic  error, 
and  <^f  the  actual  ])recision  of  results.  The  small  size  of  the 
accidental  error  of  determination  of  the  i)osition  of  the  Mire 
from  observations  of  different  pairs  of  circumpolar  stars  on 
the  same  night,  and  the  fact  that  errors  of  grou])s,  with  differ- 
ent pairs,  are  smaller  than  the  errors  of  j^roups  derived  from 
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the  same  |>airs  including  reversal  of  the  instrument,  all  tend 
to  disprove  the  effect  of  any  serious  systematic  errors  in  the 
ri^ht  ascensions  of  the  circumpolar  stars  used  for  azimuth. 

The  effect  of  the  collimation  correction  needs  to  be  con- 
sidered. This  has  been  larger  during  the  past  year  than  usual, 
itut  the  average  values  of  AM  from  the  two  positions  of  the 
instrument  are  exactly  the  same,  with  the  same  weight  for  each. 
There  are  twcntv-four  determinations  of  the  collimation.  made 
generally  at  reversal  of  the  instrument,  by  the  use  of  both  col- 
limators. The  mean  value  of  c  is  the  same  in  each  position, 
—  o''.o23  clamp  west,  and  —  0^.023  clamp  east.  There  would 
thus  be  a  maximum  mean  effect  of  0^.046,  nearly  7",  between 
determinations  of  AM  in  the  two  positions  of  the  meridian 
circle.  If  the  collimation  should  be  assumied  to  be  constant 
during  the  entire  year,  the  probable  error  of  a  single  determina- 
tion of  c  would  be  ±  0^.012.  Hut  the  variations  were  evident, 
and  in  general  a  value  of  the  correction  was  adopted  from  the 
mean  of  two  successive  measures.  The  adopted  values  range 
from  Cooo  to  o*.042.  If  the  collimation  is  assumed  to  be  the 
same  in  the  two  |)ositions,  before  and  after  reversal,  the  prob- 
able error  of  a  single  detennination  of  f  is  ±  o*.oo6.  Xo  de- 
jx:n<lence  uyyon  tem|>erature  can  be  traced  in  the  measures  of 
ci»Ilimation.  the  range  of  detenninations  being  44^  to  82*^ 
Fahrenheit. 

There  remains  the  level  correction  to  be  considered.  This  has 
Inren  found  to  var\'  but  very  slightly  during  a  night,  and  to 
have  but  small  changes  between  successive  nights.  There  has 
l>een.  however,  during  the  past  year,  a  well-defined  curve  of 
variation,  which  can  be  expressed  in  the  form,  — 0^.12  sin  At, 
^\herc  At  is  reckone<l  from  the  first  of  Januarv.  The  east  end 
*»f  the  axis  rises  in  late  winter,  and  then  falls  to  its  lowest  point 
thni  spring  and  summer,  to  rise  again  in  the  late  autumn.  As 
this  curve  has  maximum  and  minimum  at  points  near  the  equi- 
noxes, it  does  not  correspond  to  a  sine  curve  of  annual  tem- 
|)erature.  tho  this  might  be  accounted  for  by  a  lag  in  the  varia- 
tion of  the  instnmiental  level. 

The  level  correction  has  been  tabulated  here,  in  precisely 
the  same  manner  as  in  the  tabulation  of  AM  preceding.  The  re- 
duce<i  values  of  the  correction  are  obtained  by  the  application 
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of  corrections  for  the  periodic  term,  — 0^.12  sin  At,  which  is 
derived  from  the  observations  of  this  year.  It  will  be  remem- 
bered that  the  periodic  term  of  AM  was  derived  from  observa- 
tions made  in  the  years  1893  to  1904.  and  applied  to  the 
observations  of  the  current  year: — 

T. 

— ©•033 

—  .017 

4- .002 
-f  .038 
4- .004 

—  .004 

—  .027 
+  .006 
4- .002 

—  .002 
-I-.016 
-l-.oio 


Mean  Date 

b 

Reduced  b 

Jan.     25 

— 0-.592 

— 0'543 

Feb.    21 

.621 

.5^ 

Mar.    17 

.625 

.508 

May      3 

.575 

-472 

June      I 

.564 

.506 

June    23 

.528 

.514 

July    20 

^ 

.537 

Aug.    27 

-¥>$ 

.504 

Sept.   24 

.389 

.508 

Oct.     22 

.400 

.512 

Nov.    1 1 

-♦04 

.494 

Dec.    21 

A77 

500 

Mean. 

—  o».5o6 

—  o».5io 

V. 

±0.078 

±  O^.OIJ 


In  the  mean  values,  April  is  not  represented,  and  June  has 
two  values,  as  in  the  combinations  of  AM. 

The  probable  error  of  a  level  detennination.  assuming  that 
the  level  remains  constant  durinjj  the  |)eriod  of  observation  for 
every  ni^ht,  is  found  to  be  ±  o^.oo^>.  In  the  groups  of  four 
nights  the  probable  error  of  a  single  night  is  ±  o*.oi2.  indi- 
cating slight  changes  of  level  from  night  to  night. 

The  total  range  of  level  correction  is  (f.^^,  but  the  means 
of  eight  nights  in  a  program  have  a  range  of  0^.24,  or  3".6,  the 
same  amount  as  the  amplitude  of  the  computed  periodic  varia- 
tion. -\  constant  level  correction  has  been  adopted  on  each 
night. 

The  average  difference  between  successive  groups  of  four 
nights,  in  the  two  opposite  |)Ositions  of  the  meridian  circle,  is 
rather  larger  than  the  average  difference  between  successive 
groups  in  the  same  |x>sition.  indicating  that  some  small  part  of 
the  change  in  the  level  correction  may  be  due  to  changed  condi- 
tions at  reversal,  or  to  residual  errors  in  the  determination  of 
the  cottimation  correction. 


36  Publications  of  the 

To  recapitulate:  it  must  be  plainly  stated  that  the  position 
of  the  Mire  is  referred  to  the  true  meridian,  and  it  is  determined 
independently  of  the  actual  changes  in  the  meridian  circle  itself, 
except  for  the  effect  of  such  residual  errors  as  may  exist  in 
the  determination  of  the  instrumental  corrections.  The  ob- 
served range  in  the  position  of  the  Mire  amounts  to  0^.24,  in 
the  daily  values.  The  monthly  averages  cover  about  half  that 
range,  and  are  well  represented  by  a  periodic  sine  term  of 
the  corresponding  amplitude.  The  collimation  correction  of 
0^.023,  on  the  average,  does  not  affect  the  determination,  as 
the  same  mean  value  of  the  meridian  mark  is  derived  in  both 
positions  of  the  instrument.  The  level  correction  changes  slow- 
ly, and  has,  during  the  year,  a  periodic  variation  expressed  by 
a  sine  term  of  0^.24  amplitude. 

Confirmatory  evidence  of  the  freedom  from  the  effect  of  any 
systematic  errors  in  the  right  ascensions  of  the  circumpolar 
stars  is  strong.  If  the  periodic  changes  in  the  position  of  the 
meridian  mark  are  due  to  a  twist  in  the  mountain,  this  might  be 
expected  to  show  in  the  azimuths  of  the  meridian  circle ;  but  if 
so,  the  changes  of  azimuth  are  masked  by  the  accidental  varia- 
tions, which  are  comparatively  large.  No  material  is  here 
available  for  the  discussion  of  a.  daily  period.  The  secular 
change,  which  was  plainly  evident  from  1904  to  191 2,  has 
ceased,  and  the  mean  values  of  the  last  three  years  have  been 
approximately  the  same. 

The  similarity  of  the  curves  which  represent  the  changes  in 
the  position  of  the  meridian  mark,  and  the  change  in  the  level 
of  the  instrument,  during  the  year,  must  be  evident.  The  same 
cause  may  operate  in  both  cases,  producing  effects  which  are 
not  dependent  upon  each  other.  A  twist  in  the  mountain, 
operating  thru  the  year,  may  be  accompanied  by  a  tilt  at  the 
summit,  which  would  be  reproduced  in  a  corresponding  change 
in  the  level  of  the  piers  of  the  meridian  circle.  The  reduc- 
tion in  the  size  of  the  average  residuals  is  evidence  of  the  real 
nature  of  the  variation  in  both  cases. 

In  this  discussion  one  hundred  nights  of  observation  have 
been  included,  extending  into  January,  191 5,  with  two  nights. 

The  Mire  can  always  be  used  as  a  check  upon  the  azimuth, 
during  short  periods  of  time;   and  it  is  always  useful  for  the 
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ncccssar>'  check  upon  computations.  Many  of  the  corrections 
to  the  instrument,  which  enter  as  corrections  to  the  original 
results  of  observation,  are  largely  eliminated  in  the  computed 
places  of  the  stars,  since  the  right  ascensions  of  the  funda- 
mental stars  are  adopted  as  standard,  but  the  discussion  of 
ever>*  source  of  error  has  its  real  value. 

Lick  Observatory,  January  20,  191 5. 


PLWETARY   PHENOMENA   FOR   MARCH   AND 

.-VPRIL.  1915. 


By  Malcolm  McNeill. 


PHASES  OF  THE   MOON,   PACIFIC  TIME. 

Full  Moon  . .  .Mar.  i,  io*»  33™  a.m.  Last  Quarter.  .Apr.  6. 12^  I2">  p.m. 

Last  Quarter..    "     8,  4  28    a.m.  New  Mooa...    "    14.   3   3^    a.m. 

New  Moon "    15. 11    42    a.m.  First  Quarter..    "   22,   7   39    a.m. 

First  Quarter.    "  23,   2  48     p.m.  Full  Moon "   29,   6   19    a.m. 

Full  Moon "   30,  9  38     P.M. 


The  \'emal  Equinox,  the  time  when  the  Sun  crosses  the 
celestial  equator  from  south  to  north  and  enters  the  sign  (not 
the  constellation)  --^n>j,  occurs  on  March  21st  about  9  a.  m. 
F^acific  time. 

Five  of  the  planets,  Mercury,  ye9iu3,  Mars,  Jupiter  and 
Cranus  are  morning  objects,  but  not  all  are  far  enuf  away 
from  the  Sun  for  naked-eye  observation.  Their  motions  are 
af>i>arently  quite  complicated. 

Mercury  passed  inferior  conjunction  with  the  Sun  on  Feb- 
ruar>-  21st,  and  by  March  ist  rises  not  quite  an  hour  before 
sunrise.  Its  apparent  distance  from  the  Sun  increases  until 
the  morning  of  March  20th,  when  it  reaches  greatest  west 
elongation  27°  44'.  It  then  rises  a  little  more  than  an  hour 
l)cfore  sunrise.  The  distance  from  the  Sun  then  begins  to  grow 
smaller  so  that  by  the  end  of  the  month  the  interval  between 
the  rising  of  the  Sun  and  of  the  planet  is  somewhat  less  than 
an  hour.  The  interval  during  April  grows  continuously  smaller, 
and  superior  conjunction  is  reached  on  May  ist.    Thus  the 
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conditions  for  visibility  are  not  very  good,  as  the  planet  is  not 
easily  seen  to  naked-eye  view  when  the  interval  is  less  than  one 
hour ;  but  for  a  few  days  about  the  time  of  gfreatest  elongation 
it  may  be  seen  low  down  in  the  morning  twilight,  rising  nearly 
15°  south  of  the  sunrise  point.  This  position,  south  of  the 
Sun,  is  the  cause  of  the  small  interval  between  the  planet's 
rising  and  sunrise,  as  the  apparent  distance  from  Sun  to  planet 
is  about  50  per  cent  greater  than  it  was  at  the  greatest  east 
elongation  in  early  February,  when  the  planet  remained  above 
the  horizon  for  nearly  an  hour  and  a  half  after  sunset.  Mer- 
cury  is  in  conjunction  with  Mars  on  February  28th,  with  the 
Moon  on  March  13th,  with  Jupiter  on  March  29th,  and  with 
Mars  on  April  3d. 

J^entis  is  also  a  morning  object,  rising  2^  20™  before  sunrise 
on  March  ist.  and  the  interval  diminishes  steadily,  so  that 
by  the  end  of  April  it  is  only  i**  18™ ;  but  the  great  brightness 
of  the  planet  makes  it  a  conspicuous  object  thruout  the  period, 
altho  the  planet  has  lost  much  of  its  brilliance  since  early  Jan- 
uary. It  is  in  conjunction  with  Uranus  on  the  night  of  March 
i8th,  and  a  very  interesting  conjunction  with  Jupiter  will  occur 
on  the  morning  of  April  15th.  At  the  time  of  nearest  approach 
the  apparent  distance  between  the  planets  will  be  only  0°  9',  less 
than  one  third  of  the  apparent  diameter  of  the  Moon.  This 
nearest  approach  occurs  about  8  a.  m.  P.  S.  T.,  some  time  after 
sunrise  in  the  United  States. 

Mars  is  also  a  morning  star,  gradually  moving  farther  away 
from  the  Sun.  On  March  ist  it  rises  o^  37"*  before  sunrise  and 
at  the  end  of  April  a  little  more  than  one  hour  before,  so  that 
it  is  gradually  getting  into  position  for  naked-eye  view.  Its 
conjunctions  with  Mercury  and  Venits  have  already  been  men- 
tioned. There  is  also  a  very  close  conjunction  with  Jupiter 
on  the  evening  of  March  23d,  both  planets  being  below  our 
horizon  at  the  time,  the  least  distance  between  the  planets 
being  only  0°  12';  but  on  the  mornings  before  and  after  they 
will  be  quite  close  together.  Mars  passes  to  the  south  of 
Jupiter,  with  relative  motion  from  west  toward  east.  Mars  is 
beginning  to  brighten  up  perceptibly,  being  at  the  end  of  April 
50  per  cent  brighter  than  it  was  when  at  its  gfreatest  distance 
from  the  Earth  in  November,  19 14.    In  April  it  will  be  brighter 
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I  (be  Pole  sur.     Its  distance  from  the  Earth  during  that 

nth  i<i  a  little  more  than  two  hundred  niilhon  miles. 

JttpileT  passed  conjtinction  with  the  Sun  on  the  morning  of 

^cbnuir>-  24th  and  on  March  ist  rises  only  ft  minutes  before 

mrisc,  \mx  the  ai>|)areiit  ilistancc  between  the  bodies  increases 

Dinewhat  ru|itdly,  so  ttiat  on  April  ist  ii  rises  about  an  hour 

lefore  sunrise  and  at  the  end  of  the  month  nearly  two  hours 

lefore.    lu  great  brightness  makes  it  an  easy  naked-eye  object 

I  the  morning  twilight  some  time  before  ihe  end  of  March. 

conjunctions    with    other    planets    have    been    previously 

mtioncd. 

Salum  is  in  fine  position  for  evening  observation,  remaining 

»ire  ihc  h(>ri7on  until  about  half-after  two  on  March  ist  and 

;  half-nfler  ten  on  April  30th.     It  moves  rather  slowly. 

;  4".  eastward  in  the  bonier  region  between  Tminu  and 

tl<mim.  a  few  <lcgrees  south  and  cast  of  p  Tauri.    As  seen  tn 

telescope,  ihc  minor  axis  of  the  rings  is  about  45  i)cr  cent 

F  the  major  axis;   so  the  rings  are  nearlv  at  their  maximum 

aciih. 

Cnmus  is  a  morning  star,  rising  on  March  ist  a  little  more 
nn  an  hour  before  sunrise,  and  this  interval  increases  rapidly. 
"so  that  by  the  end  of  April  it  rises  before  two  o'clock.  Ilow- 
tvrr,  the  planet  is  so  faint,  only  about  sixth  magnitude,  that  it 
is  a  dtflficiitt  nake<l-eye  object  when  it  is  less  than  two  hours 

Iove  the  horizon.  It  is  in  the  eastern  j>art  of  the  o^nstellation 
t/fricom  and  nio\-es  about  2°  eastward  and  northward  during 
t  two  months. 
i\fphinf  is  in  good  position  for  evening  observation,  but 
ing  only  eighth  magnitude  it  is  too  faint  to  be  seen  without 
tekfcopc.  It  is  in  the  constellation  Cmu-er,  and  passes  the 
meridian  somewhat  south  of  the  zenith  at  g:2/^  f.  m.  on  March 
ist  and  at  about  5  :jto  on  April  30th, 


NOTES   FROM   PACIFIC  COAST  OBSERVATORIF,S. 


\oTF-;  ON  THE  Color  of  the  Faint  Stars  in  the  Orion 
Nebula. 

A  series  of  comparisons  of  the  inagnitudes  of  the  stars  in 
the  Orion  nebula  with  those  of  the  North  Polar  Sequence  has 
been  made  with  the  fio-inch  reflector  in  order  to  determine  the 
relative  color  of  the  bright  and  faint  stars.  Provisiona!  photo- 
graphic and  photovisual  magnitudes  have  thus  been  secured 
for  nearly  a  hundred  Stars  in  and  near  the  central  part  of  the 
nebula.  The  exposures  on  the  two  kinds  of  plates  were  made 
in  close  succession  so  as  to  avoid  errors  due  to  the  possible 
magnitude  changes  of  the  many  known  and  suspected  variables. 
Diaphrams  were  used  to  reduce  the  magnitudes  of  the  brighter 
stars  sufficiently  for  direct  comparison  with  the  fainter  ones  in 
the  same  field.  For  nine  stars  who.se  magnitudes  are  be- 
tween f>  and  9  and  whose  spectra  are  between  B8  and  A2, 
the  average  color  index  was  found  to  be  +  0.04  mag.  For  33 
stars  for  which  the  photographic  magnitude  is  between  1 1 
and  16,  the  average  color  index  is  +  0.68  magnitude.  Of  these 
33  faint  stars,  only  six  have  color  indices  less  than  half  a 
magnitude.  Only  two  have  negative  values,  and  for  both  of 
these  the  magnitudes  are  of  low  weight  because  of  considerable 
distance  from  the  center  of  the  plate.  Most  of  the  faint  stars 
so  far  investigated  are  in  the  thinner  parts  of  the  nebula  be- 
tween 0,  Orionis  and  c  Orionis.  As  yet  there  is  no  indication. 
however,  that  the  color  indices  are  greater  or  less  in  the  denser 
nebulosity. 

The  large  value  of  the  color  index  suggests  either  that  these 
faint  stars  are  of  redder  spectral  type  (solar  type  on  the  aver- 
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age)  or  that  an  abnormal  space  absorption  is  present,  or  that 
both  these  factors  affect  the  colors.  There  is  the  possibility 
also  of  a  color  effect  from  absolute  luminosity,  but  if  such 
be  the  case  it  must  be  in  the  opposite  direction  from  that  found 
by  Adams.  If  absorption  is  the  chief  cause,  then,  since  the 
color  index  of  the  nine  bright  stars  investigated  is  normal  for 
spectral  type  A,  the  faint  stars  must  be  much  more  distant  than 
the  brighter  ones,  and  therefore  probably  not  connected  with 
the  predominating  g^roup  of  bright  Orion  stars  in  this  region. 
It  seems  more  likely,  however,  that  there  is  no  conspicuous 
absorption  peculiar  to  the  nebula  itself,  and  that  the  colors  of 
the  faint  stars  are  to  be  accounted  for  in  the  same  way  as  red- 
ness of  faint  stars  in  other  parts  of  the  sky.  In  any  case  there 
seems  to  be  no  definite  evidence  for  associating  the  fainter 
'^tars  in  this  vicinity  with  the  Orion  nebula.  The  average  red- 
ness found  for  these  stars  is  slightly  less  than  that  found  by 
Sfl\res  for  stars  of  the  same  magnitudes  near  the  north  pole. 
The  galactic  latitude  of  the  latter  region  is  ten  degrees  greater. 

Harlow  Shapley. 

Mount  Wilson  Solar  Observatory,  January,  191 5. 

The  Martin  Kellogg  Fellowship. 

Mr.  C.  E.  Adams  (M.  S..  University  of  New  Zealand),  Gov- 
ernment Astronomer  of  New  Zealand,  has  been  appointed  Mar- 
tin Kellogg  Fellow  in  the  Lick  Observatory.  Mr.  Ada.ms  has 
been  granted  leave  of  absence  by  his  government,  and  will 
spend  his  time  at  Mount  Hamilton  and  engage  principally  in 
astrophysical  stuclies. 


ABSTRACTS  FROM  ASTRONOMICAL 

PUBLICATIONS. 


A  Chinese  Star  Catalog. 

About  the  same  time  that  Bradley  was  working  out  his  sys- 
tem of  star  positions,  with  the  accurate  methods  and  refined 
mural  quadrant  of  the  Greenwich  Observatory,  three  Euro- 
pean Jesuit  missionaries  in  China  and  a  few  Chinese  men  of 
science  were  engaged  in  the  construction  of  astronomical  in- 
struments and  were  endeavoring  to  define  the  limits  of,  and 
to  count  the  number  of,  stars  in  each  constellation/  The  de- 
scription of  a  huge  amiillary  sphere  and  the  memoirs  relating 
to  the  star  observations  were  embodied  in  the  Chinese  book, 
K'in-Hng'i'Sfiang-k'a'O-tch'cngy  which,  in  plain  English,  means 
instruments  made  by  order  of  the  emperor.  Out  of  the  five 
catalogs  contained  in  the  book,  the  first  is  an  abridged  catalog, 
in  which  the  stars  are  divided  into  the  classical  Chinese  3  yuen 
and  28  sicou;  the  second  and  third  are  complete  catalogs,  the 
difference  being  the  arrangement  of  stars  according  to  longi- 
tude in  the  second  and  according  to  right  ascension  in  the  third ; 
the  fourth  is  a  catalog  of  stars  less  than  10°  from  the  ecliptic, 
subject  to  occultation  by  the  Moon  and  planets;  the  fifth  is  a 
catalog  of  galactic  stars.  It  is  to  the  Observatory  of  Zo-Se, 
China,  founded  and  supervised  by  the  French  Jesuit  Mission 
of  China,  that  we  owe  the  publication  of  these  abridged  and 
complete  star  catalogs,  and  astronomers  are  indebted  to  Rev. 
P.  TsuTSiHASHi,  S.  J.,  for  the  reduction  of  the  stars  of  the 
catalog  to  the  epoch  of  1875.0  and  for  the  revision  of  the  Chi- 
nese catalog." 

Complete  Catalog, — In  the  complete  catalog,  the  stars  are  ar- 
ranged in  order  of  right  ascension  and  grouped  into  12  signs 
or  koHg.     Both  equator  and  ecliptic  are  divided  into  12  parts 


*  A  description  of  some  of  the  old  instruments  of  the  Pekin  Observatory,  looted 
by  the  French  and  German  troops  in  1900,  appeared  in^  the  Scientific  American 
Supplement,  No.  1304,  December  29,  1900,  and  was  reprinted  in  the  Smithsonian 
Institution  Report  for  1900,  pages  185-186. 

^Annates  de  L'Observatoire  Astronomique  de  Zo-Sd,  tome  VII,  ann^e  191 1,  pub- 
lished in  1 91 4. 
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of  y>^  each,  designated  by  the  same  name.  The  catalog,  as 
published  by  the  Zo-Se  Obser\'ator\%  gives  for  each  of  the  3.083 
^tar>.  I  -  a  current  number,  2°  the  Chinese  name  of  the  star,  3® 
the  right  ascension  for  1744  in  degrees,  minutes  and  seconds, 
4  the  precession  in  right  ascension  in  seconds  and  thirds.  5° 
the  declination  for  1 744.  6^  the  precession  in  declination  in  sec- 
<»n<ls  and  thirds,  7^  the  right  ascension  for  1875,  in  hours,  min- 
utes and  tenths  of  a  minute,  8^  the  declination  for  1875  in 
degrees  and  minutes,  9°  the  European  and  scientific  name  of  the 
star.  Numbers  i  to  6  are  the  plain  translation  of  the  Chinese 
flata :  numbers  7  to  9  were  computed  by  Rev.  P.  Tsutsiha- 
siii,  S.  J. 

.-Ibrid^i^cd  Catalog. — According  to  the  Chinese  author,  infor- 
mation about  the  numbers  of  constellations  can  be  derived  from 
three  early  Chinese  catalogs.  First,  the  astronomical  section  of 
the  histor)'  of  Han  gives  the  numl)er  of  constellations  as  118 
and  of  the  stars  as  783.  Second,  the  history  of  Tsin  refers  to 
a  chart  of  2S^  constellations  and  14^)4  stars.  Third,  the  astron- 
omer. Nan  Hoai-jen.  namely.  Rev.  P.  \'fjibikst,  S.  J.,  made  a 
catalog  of  25(>  constellations  containing  1,1 2()  stars.  While 
24  constellations  and  ^^s  stars,  known  to  earlier  Chinese  astron- 
omers.  are  not  recorded  in  X'erihkst's  catalog.  597  stars  and 
2ji  southern  constellations  with  150  stars  were  added.  The 
puqx)se  of  the  Cliinese  authors  of  the  present  catalog  was  to 
revise  and  correct  the  old  star  catalogs,  by  measuring  the  dis- 
tances between  the  stars,  computing  their  positions,  observing 
the  fonns  of  the  constellations  and  recording  them  on  a  chart. 
The  conclusion  of  the  author,  which  gives  an  idea  of  the  urano- 
graphic  knowledge  of  the  Chinese  in  1744,  is  that  there  are  300 
constellations,  containing  3,083  stars.  For  the  interest  of  the 
rea<lcr,  I  have  compiled  in  the  following  table  the  number  and 
name  of  the  28  sicott,  the  number  of  constellations  in  each,  the 
number  of  stars  found  in  early  catalogs,  the  number  of  stars 
added  in  the  new.  and  the  number  of  stars  recorded  in  the 
old  catalogs  that  could  not  be  found  by  the  Chinese  author  of 
the  present  catalog : — 
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►    Sieou                '    ^ 

Con- 

Number  of  SUrt 

Number 

Designation 

ttellations 

Old 

New 

Mistinc 

I 

The  Abode  of  the  Horn 

II 

41 

47 

4 

2 

The  High  Residence 

7 

22 

26 

•  • 

3 

The  Low  Residence 

II 

35 

41 

19 

4 

The  House 

7 

21 

14 

•  • 

5 

The  Heart 

2 

5 

8 

10 

6 

The  Tail 

5 

21 

12 

•   • 

7 

The  Fan 

3 

8 

I 

•   • 

8 

The  Bushel 

10 

52 

40 

10 

9 

The  Ox 

II 

54 

8i 

10 

10 

The  Woman 

8 

54 

65 

I 

II 

The  Funeral  Hillock 

10 

34 

22 

■    • 

12 

The  Ridge 

lO 

50 

70 

6 

13 

The  Spouse 

lO 

io6 

46 

3 

14 

The  Wall 

6 

21 

52 

7 

15 

The  Sandal 

9 

42 

53 

3 

i6 

The  Harvest- Woman 

6 

33 

64 

17 

The  Grain-Keeper 

7 

39 

57 

i8 

Mao 

9 

47 

37 

19 

The  Thread 

14 

89 

84 

3 

20 

The  Beak 

3 

i6 

17 

21 

The  August 

6 

25 

49 

22 

The  Well 

19 

63 

124 

7 

23 

The  Manes 

6 

29 
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In  all  probability,  the  missing  stars  are  to  be  explained  by 
varying  atmos])heric  conditions  and  the  different  physiological 
disix)sitions  of  the  observer,  if  the  explanation  of  a  very  few 
cases  is  not  to  be  found  in  the  minima  of  variables  and  very 
rare  temporaries.  AI.  Selga,  S.  J. 

Lick  Obsekvatory,  Mount  Hamilton, 
December  15,  1914. 

Spectra  Having  Bright  Lines,  by  Annie  J.  Cannon.* 

According  to  Miss  Cannon,  "Stellar  spectra  having  bright 
lines  may  be  divided  into  at  least  six  classes,''  and  the  total 
number  of  known  celestial  objects  with  bright  lines  in  their 


^Annals  Harvard  College  Observatory,  7©,  19,  1914. 
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spectra  is  750.  The  paper,  of  which  this  note  is  an  abstract, 
discusses  the  first  four  of  these  classes — gaseous  nebulae,  Qass 
P ;  stars  of  Gass  O ;  stars  of  the  P  Cygni  type,  having  bright 
hnes  superposed  on  a  continuous  spectrum;  and  Novae.  The 
discussion  is  based  mainly  upon  photographs  taken  with  the 
^inch  Draper  telescope  at  Cambridge  and  with  the  8-inch  Bache 
telescope  at  Arequipa. 

The  four  classes  of  objects  are  considered  separately  and  are 
tabulated  in  convenient  form  for  reference.  The  table  of 
j^seous  nebulae  gives  for  each  object  the  position  for  1900, 
with  galactic  co-ordinates  added,  and  then,  in  nine  columns,  the 
intensities  of  the  principal  bright  lines  observed.  In  the  tables 
for  the  stellar  objects  the  intensities  and  identifications  of  the 
bright  lines  are  omitted,  but  the  Gass  O  stars  and  the  Xovae 
are  divided  into  sub-classes  according  to  their  spectral  peculi- 
arities. The  explanatory  notes  to  the  tables  describe  individual 
|>eculiarities,  and  give  references  to  the  literature  of  the  subject. 

Two  plates  are  added  to  illustrate  the  various  spectra  with 
bright  lines.  R.  G.  Aitken. 

J.innar>'  14,  191 5. 

The  Mtltiple  System,  Zet.v  Cakcri. 

Zeta  Cancri  consists  of  a  mo<lerately  close  bright  pair  of  stars 
t  A  and  H),  which  fonn  a  binary  revolving  in  nearly  circular 
orbit>  with  a  ixTiod  of  about  sixty  years.  A  third  bright  star 
C  revolves  about  the  center  of  gravity  of  the  binary  pair  in  a 
much  larger  orbit,  its  motion  so  far  as  observed  being  approxi- 
mately on  the  arc  of  a  circle.  There  arc.  however,  irregulari- 
ties or  anomalies  in  its  motion  which,  l)ecause  of  their  i)eriodic 
recurrence,  were  ascribed  bv  Otto  Strive  and  bv  Fi.a.mma- 
Rin\  to  the  influence  of  a  fourth  star  (  0)  near  C  and  too  dark 
to  Ik*  visible  in  a  telesco|)e. 

AfKHit  twenty-five  years  ago.  Seei.I(;er  made  a  very  tlioro 
'-tudv  of  the  measures  (^f  the  three  stars  in  the  svstem,  with 
<|)ccial  reference  to  the  anomalies  in  the  motion  of  C,  and 
found  that  these  could  be  entirely  removed  if  we  assume  that 
C*  is  attende<l  by  a  dark  companion.  D.  the  pair  revolving  in 
nearly  circular  orbits  at  a  mean  distance  of  al)Out  o".2  and  in  a 
|)eriod  of  a  little  less  than  eighteen  years. 
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Burn  HAM  disputed  this  conclusion  and  considered  that  the 
observed  irregularities  in  the  motion  of  C  about  AB  were 
simply  due  to  the  accumulation  of  systematic  errors  of  measure. 
As  a  test  of  the  question  he  proposed  that  measures  be  made 
of  the  difference  in  declination  between  C  and  a  star  (P  1243) 
independent  of  the  system,  which  follows  about  2™  and  is  about 
104"  north  of  C.  He  began  such  measures  with  the  36-inch 
telescope  in  1891  and  he  and  Barnard  continued  the  series 
regularly  with  that  instrument,  and,  later,  with  the  40-inch  of 
the  Yerkes  Observatory  until  1905.  Burn  ham  added  a  later 
set  in  1910,  and  at  this  time  wrote:  "There  is  nothing  in  these 
measures,  begun  in  1891.  to  indicate  any  variable  motion 
m  C 

Casual  inspection  would  seem  to  support  this  conclusion,  for 
the  measures  are  remarkably  accordant,  and  when  reduced  to 
a  common  epoch  ( 1900.0)  show  apparently  only  a  regular  pro- 
gressive increase  in  the  distance  due  to  the  known  relative 
proper  motion  of  the  two  stars.  Seeligicr,  however,  in  a  recent 
article  in  the  Astronomische  Nachrkhten^  finds  that,  on  closer 
analysis,  they  fully  supix)rt  his  earlier  investigation.  If  the 
measures  are  corrected  simply  for  the  relative  ])ro])er  motion 
and  the  mean  is  taken,  the  average  residual  of  the  measures  from 
this  mean  is  zb  o''.T4,  the  range  o".56.  This  would  not  be 
excessive  in  measures  of  this  kind ;  but  the  residuals  show  a 
marked  systematic  run,  being  large  and  negative  in  1891-1895, 
large  and  ])0sitive  in  1899-1902,  nearly  zero  in  1903- 1905,  and 
large  and  negative  in  19 10.  When  the  correction  for  the 
orbital  motion  of  C  alx)ut  the  hypothetical  star  D  is  applied, 
the  average  residual  is  reduced  to  ±  o".o6,  the  range  to  0^.29, 
and  the  systematic  change  of  sign  entirely  disappears. 

These  measures,  therefore,  clearly  sup]X)rt  Seeltcrr's  hy- 
pothesis, and  the  present  investigation  taken  in  connection  with 
his  former  researches,  satisfactorily  establishes  his  finding  that 
t,Cancr\  is  a  quadruple  system.  R.  G.  Attken. 

January  15,  1915. 


*  Astronomische  Xachrichten,  109,  :»73.  T914. 


GENERAL  NOTES. 


San  Francisco  Meeting  of  the  Avierwan  Association  for  the 
Adxaneement  of  Science  and  AfUliaied  Societies,  Auj^ust  2-7, 
PH5. — At  the  Cleveland  meeting  of  the  American  Association 
lor  the  Advancement  of  Science  in  January,  191 3.  the  Council 
of  the  as>ociation  voted  to  hold  a  special  meeting  in  San  Fran- 
ci>co  uix)n  the  occasion  of  the  F'anama- Pacific  International 
Kxposition.  The  plans  for  this  meeting  were  placed  in  charge 
oi  a  Pacific  Coast  Committee  of  thirtv-one  members.  At  an 
early  meeting  of  the  Pacific  Coast  Committee  the  date  of  the 
San  I-Vancisco  meeting  was  set  for  the  week  beginning  August 
2i\  and  tenninating  August  7,  191 5.  Plans  have  been  made  to 
hi>U\  the  general  meetings  of  the  association  as  a  whole  in  the 
Scottish  Rite  Auditorium  in  San  I'rancisco.  Thru  the  cour- 
tcsv  of  the  two  California  universities  in  the  vicinitv  of  San 
Francisco,  the  section  meetings  and  many  of  the  meetings  of 
affiliated  societies  will  be  held  at  the  I'niversity  of  California, 
P^erkeley.  and  on  one  day.  Wednesday,  August  4th.  at  Stanford 
I'niversity.  near  Palo  Alto. 

The  following  resolution  was  adopted  at  the  first  meeting  of 
the  Committee  on  Scientific  Program  aj)i>ointed  by  the  Pacific 
(. '« »a^l  Committee : — 

In  vifw  of  the  fact  that  the  «)cciirrcnce  of  >cicntitic  meetings  in  San 
Francisco  in  1915  i>  in  a  manner  a  part  of  the  cek*hrati«>n  commemoral- 
niK  the  otHMiing  of  the  Pacitic  to  the  peoples  horderinj^  the  Atlantic,  it 
*«^*m'.  httin^  that  the  pn»Rram  of  meetings  held  in  connecti«m  witli  this 
cvK-hration  should  relate,  as  far  a>  pos>ihle.  to  problems  of  world  interest 
uliich  pertain  especially  to  the  Pacific  area. 

In  accordance  with  this  recommendation,  it  has  l>een  jKissible 
in  many  cases  to  arrange  for  consideration  of  Pacific  problems 
•  »f  far-reaching  significance  by  the  sections  and  ^siKieties  intend- 
iiiv;  to  participate  in  these  meetings. 

The  o|)ening  session  of  the  convocation  week  will  cKCur  on 
Monday  morning.  August  2d.  Following  the  presidential  ad- 
<lri"*N  on  Monilay  evening,  a  reception  will  be  tendered  to  the 
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visiting  scientists.  On  Tuesday  evening  Dr.  Fridtjof  Nansen, 
of  Norway,  will  present  an  address  upon  problems  of  oceanog- 
raphy. The  sessions  on  Wednesday  will  be  held  at  Stanford 
University,  thirty  miles  south  of  San  Francisco.  Wednesday 
evening  has  been  reserved  for  informal  dinners  of  various  so- 
cieties. Professor  R.  A.  Daly,  of  Harvard  University,  will 
present  an  address  on  Thursday  evening  upon  the  geologic  and 
biologic  problems  of  the  Pacific  Islands,  and  on  Friday  evening 
Professor  W.  B.  Scott,  of  Princeton  University,  will  discuss 
the  influence  of  former  separation  of  North  and  South  America 
on  the  evolution  of  the  faunas  of  America.  On  Saturday 
evening,  August  7th,  an  address  will  be  presented  on  problems 
concerning  the  peoples  of  the  Pacific  area. 

In  addition  to  the  general  addresses,  intended  for  all  sections 
of  the  association  and  all  affiliated  societies,  there  will  be  many 
simultaneous  or  alternating  meetings  for  the  presentation  of 
addresses  and  papers  in  the  principal  divisions  of  scientific 
knowledge,  prepared  jointly  under  the  auspices  of  the  American 
Association  and  of  societies  which  are  related  by  common  inter- 
est. The  following  societies  have  already  determined  to  par- 
ticipate in  the  San  Francisco  meeting  of  the  American  Associa- 
tion either  by  holding  meetings  during  the  convocation  week 
or  by  meeting  in  conjunction  with  sections  of  the  American 
Association : — 

American  Mathematical  Society,  American  Astronomical  Society, 
Geological  Society  of  America,  Palaeontological  Society,  Seismological 
Society  of  America,  Biological  Society  of  the  Pacific,  Entomological  So- 
ciety of  America.  American  Academy  of  Political  and  Social  Science, 
American  Political  Science  Association  (Pacific  Coast  Branch),  Ameri- 
can Anthropological  Association,  Archaeological  Institute  of  America, 
American  Phytopathological  Society,  American  Genetic  Society.  Other 
societies  will  also  hold  meetings,  arrangements  for  which  are  not  yet 
complete. 

Those  intending  to  contribute  pa])ers  are  rccjuestcd  to  send 
the  titles  to  the  appropriate  committee  as  soon  as  ])ossible.  and 
to  forward  copies  of  their  papers  with  abstracts  of  contents  well 
in  advance  of  the  meeting.  It  will  not  be  possible  to  place  upon 
the  program  papers  which  are  received  by  the  program  com- 
mittees at  a  date  later  than  July  26,  1905. 
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li»MMITTE£  OX    PKOGR.\M    FOR    MATHEMATICS   AND  .\STRONOMY. 

M    W.  Haskelu  Chairman,  Univcrsitj-  of  California,  Berkeley. 
R  G   AiTKEX.  Lick  Obser\-ator>%  Mount  Hamilton.  California. 
Ci£i4feCL  K.  Hale,  Mount  Wilson  Sobr  Observatory.  Pasadena, 

California. 
L.  M    H<i5Kixs,  Sianfc>rd  rniversit>*.  California. 
.\   O.  Lf.I'schxer,  University  of  California.  Berkeley. 
SinxtY  P.  TowxiXY.  Stanford  University.  California. 

A  ioini  session  of  the  .American  Mathematical  Sixietv,  the 
-Xmerican  Astronomical  Society  and  Section  A  will  be  held  on 
Tues4lay.  August  y\,  at  the  University  of  California  for  the 
presentaticxi  of  two  addresses:  "The  Human  Significance  of 
Mathematics."  by  Professor  C  J.  Keyskr.  Columbia  University, 
New  York ;  "Recent  Progress  in  the  Development  of  Astro- 
nomical Science."  by  Dr.  Gf.orc.e  E.  Hale.  Mount  Wilson  Solar 
<  >hservatorv. 

m 

l**ollowing  this  session,  the  American  Mathematical  Society 
and  the  American  Astronomical  Society  will  hold  sessions  at 
Stanford  Universitv  and  at  the  I'niversitv  of  California. 

Mor.NT    HAMILTON   TRIP. 

c  >n  I'riilay.  .\ugust  ^>th.  the  American  Astronomical  Stx^iety 
an<l  others  interested  in  astronomical  research  will  make  an 
e.xcursiiin  to  the  Lick  <  >bser\atory.  Mount  Hamiltcxi. 

.MOINT  WII-SON   TRIP. 

The  director  of  the  Mount  Wilson  Solar  Observatorv  extends 
a  cordial  invitation  to  men  of  science  interestetl  in  astronomical 
and  phvsical  rocarch  to  visit  the  obser\atorv  either  Inrfore  or 
after  the  San  l-'rancisco  meeting  of  the  assiKiation.  The  shops 
an<l  laUiratories  in  Pasadena  and  the  obser\atory  buildings  on 
Mount  WilsiMi  will  l)e  oj)en.  and  all  phases  of  the  work  in  prog- 
reN<  can  be  seen.  The  Mount  Wilson  Hotel  Com^>any  maintains 
a  daily  auto-stage  ser^*ice  between  Pasadena  and  the  summit, 
where  c<»mfortable  accommotlations  for  the  night  may  l)e  fmind 
at  the  hotel.  If  time  i>  limited,  the  round  trip  from  I^asadena 
can  f)e  made  in  a  dav. 


The  AstronomUal  Prizes  of  the  French  JeaJemy  of  Seienees 
are  this  vear  all  awanle<l  to  French  astronomers.     The  most 
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notable  award  is  that  of  the  Prix  Damoiseau,  which  goes  to 
M.  A.  Gaillot,  for  his  revision  of  Le  Verrier's  Tables  of 
Jupiter.  In  1902  the  subject  set  for  the  same  prize  was  the 
improvement  of  the  Tables  of  Saturn^  while  in  1907  the  subject 
for  the  Prix  dc  Pontccoiihmt  was  the  improvement  of  the 
Tables  of  Xeptune  and  Uranus.  These  two  prizes  had  like- 
wise been  awarded  to  M.  Gaillot,  who  now,  at  the  age  of  80 
years,  has  the  satisfaction  of  completing  the  great  work  of 
revising  the  theory  of  the  four  major  planets. 

The  Prix  Lalande  goes  to  M.  Josepii-Noel  Guillaume  for 
the  whole  of  his  astronomical  work.  M.  Guillalme  began  his 
career  as  an  amateur  astronomer,  but  has  been  connected  with 
the  Lyons  Observatory  since  1892.  He  is  known  especially  for 
his  long  series  of  observations  of  solar  phenomena,  but  has 
also  made  numerous  micrometric  measures,  as  well  as  observa- 
tions of  lunar  occultations  and  of  the  phenomena  of  Jupiter  s 
satellites. 

The  Prix  \'alz  is  divided  between  M.  Pierre  Salet  and 
P.  Stanislas  Chevalier.  The  former  is  an  astronomer  in 
the  Paris  Observatory,  whose  chief  researches  relate  to  ])olari- 
zation  j)hcnc)mena.  tho  he  lias  also  made  many  contributions  in 
other  fields,  llie  latter  is  director  of  the  observatory  at  Zo-Se, 
near  Shanghai,  China,  and  his  chief  attention  has  been  devoted 
to  studies  of  solar  ])henomcna. 

The  Prix  Janssen  is  awarded  to  M.  fARRV-DKSLocKS,  the 
well-known  amateur  astronomer  whose  observatory  is  located 
on  the  North  African  plateau,  near  Algiers,  at  an  altitude  of 
1,113  nieters.  His  work  has  been  aluur-st  exclusively  the  study 
of  ])lanetary  details,  particularly  th(^se  of  Mars,  and  it  is  for 
the  results  obtained  that  the  award  is  made. 

( )thcr  awards  n"'a(le  by  the  .Academy  include  a  Wilde  prize 
of  2,000  francs  to  M.  Schi'Liiof,  of  the  lUireau  of  Longitudes, 
for  his  extensive  researches  on  comets  and  minor  ])lanets  and 
the  following  allc^tnients  from  the  Ponds  I>onaparte:  3,000 
francs  to  M.  1''r.  Ckc^zk  to  permit  him  to  continue  his  investiga- 
tions of  the  Zeeman  effect  in  spectra:  2,000  francs  to  P.  Lais. 
director  of  the  \'atican  Observatory,  to  assist  in  the  publica- 
tion of  a  portion  of  the  Carte  tin  CicI :  2.000  francs  to  M. 
TRorssET.  assistant  at  the  Bordeaux  Observatorv,  to  aid  hiin 
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in  his  studies  of  the  theory  of  minor  planets ;  and  4,000  francs 
to  M.  AxDOYER.  of  the  University  of  Paris,  to  allow  the  con- 
tinuation of  the  work  of  preparing  new  fundamental  tables  of 
\ogtLTUJtuns. 


Attention  may  again  be  called  to  the  admirable  Obsencrs 
Handbook,  edited  by  Dr.  C.  A.  Chant  and  published  annually 
by  the  Royal  Astronomical  Society  of  Canada.  Many  of  the 
tables,  for  example,  those  of  times  of  sunrise  and  sunset,  are. 
of  course,  calculated  for  Canadian  latitudes,  but  other  portions 
of  the  little  book  will  be  found  convenient  by  amateur  ob- 
ser\*ers  anywhere  in  the  northern  hemisphere.  Such  are,  for 
example,  the  lists  of  various  objects  of  interest,^louble  stars, 
variable  stars,  the  brighter  stars  in  the  sky,  the  predictions  for 
the  principal  meteor  showers,  and  the  descriptions  of  the  planet- 
ary motions  and  of  the  constellations,  arranged  according  to 
months.  I'seful  charts,  on  a  convenient  scale,  showing  the 
>tars  to  the  fifth  magnitude  are  also  included. 


.  lid  to  Astronomical  Research. — A  communication  under  this 
title  of  more  than  usual  interest  is  given  by  Professor  E.  C. 
IMcKKRiN(;  in  Science  for  January  15,  191 5.  Exj>erience  with 
the  Rumford,  Elizabeth  Thompson,  and  other  funds  having 
nIiowu  that  great  returns  may  be  secured  by  the  use  of  rela- 
tively small  grants  of  money  to  suitable  ix?rsons.  Professor 
PiCKioiiNt;  addressed  a  circular  letter  to  twelve  of  the  leading 
a'itronomers  in  .\merica.  In  this  letter  he  requested  brief 
statements  as  to  the  use  that  would  be  made  of  such 
grants  of  perhaps  one  thousand  dollars  per  year  for  five 
vcars. 

It  is  imix)ssible  to  <|uote.  even  in  abstract,  the  replies  which 
were  received :  for  this  we  nnist  refer  the  reader  to  the  original 
article.  The  replies  are  of  great  interest  in  that  they  show  not 
only  how  much  could  probably  be  accomplished  by  grants  of 
this  amount,  but  more  esfx^cially,  in  that  they  give,  in  large 
measure,  a  cons])ectus  of  the  diflferent  fields  of  astronomical 
entleavor  which  are  considere<l  to  be  of  the  greatest  im|)ortance 
by  .America's  leading  astronomers.  A  majority  of  the  writers 
desires  additional  computers  and  measurers  for  the  furtherance 
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of  parallax  programs,  and  two  wish  assistants  or  measurers  in 
connection  with  spectrographic  researches. 

"An  unexpected  result,"  writes  Professor  Pickering,  "was 
that,  in  nearly  every  case,  the  principal  need  proved  to  be  for 
assistants.  Some  preferred  one  experienced  observer,  others 
two  computers.  .  .  .  An  astronomer  can  often  direct  one  or 
two  assistants  so  that  they  will  obtain  as  accurate  results  as  if 
he  devoted  the  same  time  to  the  work  himself.  A  small  appro- 
priation may  thus  double  the  output  of  an  observatory.  .  .  . 
Even  if  only  a  portion  of  the  sum  asked  for  could  be  provided, 
it  is  probable  that  an  extraordinary  relative  output  would  be 
obtained.  It  is  hoped  that,  in  some  cases,  those  interested  in 
a  particular  observatory  may  be  willing  to  supply  its  needs." 


One  of  the  two  Royal  Medals  presented  annually  by  the 
Royal  Society  of  London  has  been  bestowed  on  Dr.  E.  W. 
Brown,  of  Yale  University,  for  his  researches  on  the  motion 
of  the  Moon.  

Owing  to  the  war  the  management  of  the  Zentralstelle  fiir 
Astronomischc  Telcgrannnc,  by  agreement  with  Professor 
KoiJOLD,  has  been  passed  over  to  Professor  Elis  Stromgren, 
of  the  Copenhagen  Observatory. 


The  occupation  of  Antwerp  by  the  (jermaiis  occasioned  the 
temporary  suspension  of  the  Gaacltc  Astronomique,  formerly 
issued  by  the  Astronomical  Society  of  Antwerp.  A  number 
of  English  astronomers  have  given  financial  assistance,  and  it 
is  intended  to  resume  the  Gazette  early  in  January ;  it  will  be 
published  both  in  French  and  English.  The  minimum  sub- 
scri[)tion  will  be  ^\q:  shillings  annually,  but  it  is  suggested  that 
those  who  feel  able  and  willing  to  contribute  more  liberally 
send  half  a  guinea  or  a  guinea  as  a  means  of  more  eflfectively 
aiding  in  the  rehabilitation  of  this  journal.  Subscri])tions  and 
corres]X)ndence  should  be  sent  to  Fei.ix  Lk  Roy,  Honorary 
Secretarv,  29  Stamford  Street,  London,  S.  E. 


Professor  \V.  S.  Adams,  of  the  Solar  Observ^atory  at  Mount 
Wilson ;  M.  Henri  Axdoykr,  Professeur  a  la  Sorbonne,  Paris, 
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and  Director  Frank  Schlesixger,  of  the  Allegheny  Observa- 
tor>\  were  recently  elected  Associates  of  the  Royal  Astro- 
nomical Society.  

We  regret  to  announce  the  death  of  Professor  N.  C  Duner, 
at  L'psala,  in  his  seventy-sixth  year.  His  researches  covered  a 
wide  field ;  he  has  made  valuable  contributions  to  astronomical 
science  in  the  fields  of  double  stars  and  variable  stars,  and 
also  in  astronomical  spectroscopy,  but  is  perhaps  best  known 
tor  his  s|)eciroscopic  studies  of  the  rotation  of  the  Sun. 


Mr.  A.  M.\ssiNGER,  assistant  in  the  Royal  Observator>'  at 
Heidelberg,  died  in  battle  near  Ypres  on  October  21,  1914. 


Drs.  Freundlich  and  Zurhellex,  with  five  other  members 
of  the  various  German  eclipse  expeditions  to  Russia,  being 
reser\'ists  in  the  German  army,  were  not  allowed  to  leave 
Russia,  but  are  detained  in  Odessa.  It  is  stated  in  Sirius  that 
they  have  the  freedom  of  the  city  and  are  not  treated  in  any 
way  as  ordinar>'  prisoners  of  war.  From  Popular  Astroftomy 
we  learn  that  Dr.  MC.nch  is  wounded  and  a  prisoner  in  France, 
and  that  Dr.  Liebm.vnx  has  been  killed.  Professor  B.m'SCHIX- 
OER  is  a  temiK»rar}'  tenninus  commander  at  Strassburg,  while 
Professor  Schw.vrzschild  is  conducting  a  military  meteoro- 
logical station  at  Xamur  in  connection  with  the  aeroplane 
service.  

At  the  Philadel|>hia  meeting  of  the  American  Association  for 
the  advancement  of  Science,  Dr.  \V.  \V.  Campbell  was  elected 
President  of  the  association,  and  Dr.  A.  O.  Lel'SCHXEr  \'ice- 
President  for  Section  A  (Mathematics  and  Astronomy). 


Among  the  bequests  made  by  the  will  of  Mrs.  Dr.\per  is  one 
of  $150,000  for  the  Draper  Memorial  of  Harvard  College  Ob- 
servatory, established  in  memory  of  Dr.  Hexrv  Draper,  her 
husband,  whose  photographic  plates  and  apparatus  are  also 
bequeathed  to  the  observator>'. 


A  cablegram  to  the  daily  papers  says  that  when  the  war  broke 
out  the  Prussian  militar>'  authorities  requisitioned  the  famous 
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trained  horses  of  Elberfeld.  Dr.  Vogel.  their  owner,  protested 
and  the  Royal  Academy  of  Berlin  supported  the  protest.  A  re- 
prieve was  granted,  but  later  the  horses  were  requisitioned  for 
an  artillery  battery  and  their  death  on  a  Flanders  battlefield 
has  just  been  announced.  It  will  be  remembered  that  the 
"thinking  horses"  of  Elberfeld  were  first  brought  to  the  atten- 
tion of  the  public  some  years  ago  by  their  trainer,  Herr  K. 
Krall,  who  exhibited  them  at  various  places  in  Germany. — 
Science,  December  25,  1914. 
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Al»I>EXI>l'M  TO  THE  MiNUTES  OF  THE  SPECIAL  MEETING  OF  THE 

iU>.\Ri>  OF  Directors  of  the  Astronomical  Society  of 

THE  F\\CIFIC,  HeU)  in  THE  RcX>MS  OF  THE  SoCIETY  ON 

November  28,  1914,  at  2 :  00  p.  m.,  to  Consider 

THE  Award  of  the  Bruce  Gouy  Medal 

FOR  THE  Ye,\r  191 5. 

There  were  present  President  Crawford  and  Directors  Aitken, 
Cr>Hixc;.  Costa  and  Richardson.  The  proxies  of  Directors  Burck- 
HALTFJt.  T«>WNLEY  and  Markwart  were  held  by  Director  Richardson. 
I-rttcr«4  of  nomination,  in  accordance  with  the  statutes  for  the  bestowal 
•  'f  the  Bruce  Medal,  were  read  from  the  directors  of  the  observatories 
i«f  nar\-ard,  Ycrkes,  Lick,  Paris,  Berlin,  and  Greenwich. 

After  full  discussion,  the  Board  by  unanimous  vote,  awarded  the  medal 
for  IQI5  to 

Dr.  W.  W.  Campbexx, 
Director  of  Lick  Observator>'. 

OwinR  to  war  conditions  in  Europe,  making  it  impossible,  at  the  pres- 
ent lime  to  secure  the  medal  from  the  French  Mint  in  time  for  presen- 
tation at  the  annual  meeting  of  the  Society  in  Januar>',  it  was  decided 
to  <lcfcr  the  actual  presentation  until  some  appropriate  date  later  in  the 
yrar.  notice  of  which  will  be  duly  communicated  to  members. 
Adjourned. 

D.  S.  Richardson, 

Secretary. 


The  following  correspondence  was  exchanged  between  the  Secretary 
and  Dr.  Campbell: — 

December  i,   1914. 
I»«    W.  \V.  Camp»ell. 

Director  of  Lick  Observatory, 
Mount  Hamilton,  California. 

Mr  dtat  Sir:  It  gives  me  particular  pleasure  to  inform  you  that,  at  a  special 
meetinc  of  tbc  Board  of  Directors  of  the  Astronomical  Society  of  the  Pacific,  held 
on  the  j9th  ultimo  in  this  city,  to  consider  the  award  of  the  Bruce  Gold  Medal  for 
the  year  1015.  it  was  decided  t>y  unanimous  vote  that  the  honor  belonged  to  yoti, 
and  I  was  instructed  to  ask  your  acceptance  of  same. 

In  performing  this  pleasant  duty,  I  venture  to  express  the  conviction  that  the 
members  of  the  Astronomical  Society  will  find  more  satisfaction  in  this  award  thaa 
in  anjr  previouftly  made — and  all  have  been  worthily  bestowed. 

In  recugnixing  your  eminent  services  to  astronomy — baaed  at  they  are  upon  the 
consent  of  your  scientific  brethren  in  all  parts  of  the  world — it  it  our  perticuUr 
good  fortune  to  be  able,  at  the  same  time,  to  recognixe  a  fellow  member  of  oar 
Society,  a  distinguished  cittxen  of  our  State  and  a  man  whom  we  are  permitted  to 
call  our  friend. 
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Asking  that  you  will  kindly  indicate  your  acceptance  of  the  medal,  and  with 
sincerest  personal  regards,  I  beg  to  remain, 

Very  respectfully  yours, 

D.    S.    RiCHAaDSON, 

Secretary, 

Mount  Hamilton,  December  14,  1914. 
Dear  Mr.  Richardson: 

Your  letter  of  December  and  reached  Mount  Hamilton  about  three  hours  after  I 
had  started  to  Chicago,  and  it  finds  me  at  home  this  morning. 

It  gives  me  extreme  pleasure  to  accept  the  award  of  the  Bruce  Gold  Medal  of 
the  Astronomical  Society  of  the  Pacific.  I  feel  that  the  award  of  the  Bruce  Medal 
is  the  greatest  honor  which  an  astronomer  can  receive,  and  it  is  especially  gratify- 
ing  that  our  Astronomical  Society  of  the  Pacific  is  the  organization  concerned.  The 
high  value  which  astronomers  in  general  assign  to  the  Bruce  Gold  Medal  award 
is  due  in  part  to  the  unique  method  of  nominating  the  recipient,  and  also  to  the 
care  which  the  Directors  of  the  Astronomical  Society  of  the  Pacific  have  always 
exercised  in  acting  upon  the  recommendations. 

When  the  first  opportunity  presents  itself,  will  you  kindly  inform  the  Board  of 
Directors  of  the  Society  that  I  accept  the  award  with  a  high  sense  of  the  honor 
they  have  conferred  upon  me?  Yours  cordially, 

W.  W.  Campbeul. 
Ma.  D.  S.  RicHAaosoN,  Secretary, 

The  Astronomical  Society  of  the  Pacific, 
No.  75a  Phelan  Building, 

San  Francisco,  California. 


Minutes  of  the  Meeting  of  the  Board  of  Directors  of 

THE  Astronomical  Society  of  the  Pacific,  Held  in  the 

Rooms  of  the  Society  on  January  30,  191 5,  at  7:15  p.  m. 

There  were  present :  President  R.  T.  Crawford  and  Directors  R.  G. 
AiTKEN,  B.  A.  Bairi),  S.  D.  Townley,  C.  S.  Gushing.  Charles  Burck- 
HALTKR,  J.  Costa  and  D.  S.  Richardson. 

A  verbal  report  was  made  by  Director  Cushing,  of  the  Finance  Com- 
mittee, relative  to  the  three  first  mortgage  five  per  cent  bonds,  issued  by 
the  Contra  Costa  Water  Company  and  owned  by  this  Society.  On  mo- 
tion of  Director  Aitken,  seconded  by  Director  Burck halter,  the  fol- 
lowing resolution  was  unanimously  adopted : — 

Resolved,  That  all  questions  relating  to  the  three  first  mortgage  five  per  cent 
bonds  issued  by  Contra  Costa  Water  Company  owned  by  this  Society  be,  and  the 
same  are  hereby  referred  to  the  Finance  Committee,  with  power  to  act  in  all  matters 
pertaining  to  the  same,  including  the  reorganization  of  the  company,  or  companies, 
owning  the  property  covered  by  the  lien  of  said  bonds. 

After  further  discussion,  and  in  view  of  the  fact  that  the  necessity 
might  arise  of  withdrawing  the  three  bonds  above  mentioned  from  the 
custody  of  the  Mercantile  Trust  Company,  where  they  are  at  present  on 
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deposit,  the  following  resolution  was  offered  by  Director  Gushing.    It 

W2H  seconded  by  Directors  Aitken  and  Costa  and  unanimously  carried : 
krsched.  That  the  President,  or  either  Vice-President,  and  Secretary  of  this 
Society  be.  and  they  are  hereby,  authorized  to  withdraw  from  possession  of  Mer- 
cantile Trust  Company  of  San  Francisco  and  receipt  for  the  three  first  mortgage 
bi>fi<!f  iMued  t>y  the  Contra  Costa  Water  Company  and  on  deposit  with  said  trust 
co«npany. 

.Adjourned. 

D.  S.  Richardson, 

Secretary. 


Minutes  of  the  Annu.al  Meeting  of  the  Astronomical 

Sik:iety  of  the  Pacific,  Held  in  the  Assembly  Hall 

OF  THE  Phelan  Building,  San  Francisco,  Cal., 

on  January  30,  1915,  at  8:00  p.m. 

President  R.  T.  Crawford  was  in  the  chair.  There  being  no  objection, 
the  minutes  of  the  previous  annual  meeting  were  approved  as  printed. 

Rep<»rts  of  committees  were  called  for. 

Director  Cushinx,  Chairman  of  the  Finance  Committee,  reported  that 
the  accounts  of  the  Treasurer  had  been  carefully  audited  and  found  to 
l«e  correct.  He  also  reported  that  steps  were  being  taken  which  he  be- 
lieved would  result  in  an  early  and  satisfactory  adjustment  of  all  matters 
((n>wing  out  of  the  default  upon  the  three  Contra  Costa  Water  Com- 
pany b«>nds  held  by  the  Society. 

Mr.  RirH.\RDSON,  of  the  Library  Committee,  reported  that  no  addi- 
tion* had  been  made  to  the  library  during  the  past  year  other  than  the 
regular  unbound  exchanges. 

Mr  F.  R.  ZiEL.  of  the  Bruce  Medal  Committee,  reported  that  he  had 
communicated  with  the  French  Mint,  in  Paris,  and  learned  that,  owing 
to  war  conditions,  it  would  not  be  possible  at  present  for  the  mint  to 
strike  off  the  needed  medal  for  the  current  year. 

The  report  of  the  Donohoe  Comet- Medal  Committee  was  read  by  the 
Secretar>'.  This  report  shows  that  five  comets  were  discovered  in  1914 
and  that  medals  were  awarded  to  Messrs.  Krit7INGer,  Zu^tin'sky,  and 
Nkcjmi.v.  Comet  e  1914  was  discovered  by  several  obser\-ers,  inde- 
pendently, on  the  same  night.  The  committee  withholds  the  award  for 
the  di^over>'  pending  the  receipt  of  further  data. 

.AH  of  the  foregoing  reports  were  received  and  approved. 

President  Crawford  then  announced  the  award  of  the  Bruce  Gold 
Medal  for  the  year  191 5  to  Dr.  W.  W.  Campbell,  Director  of  Lick 
Ob5er\atory.  Owing  to  the  difficulty,  already  noted,  of  procuring  the 
medal  at  this  time,  he  stated  that  some  future  date  would  be  fixed  upon 
for  a  more  formal  presentation  ceremony. 
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The  next  business  in  order  was  the  election  of  a  Board  of  Directors 
and  a  Publication  Committee  for  the  ensuing  year.  Mr.  Beverley  L. 
HoDGHEAD,  Chairman  of  the  Nominating  Committee,  submitted  the  fol- 
lowing ticket: — 

For  Board  of  Directors:  W.  W.  Campbell,  W.  H.  Crocker,  C.  S. 
CusHiNG,  J.  Costa,  F.  V.  Cornish,  D.  S.  Richardson,  R.  G.  Aitken, 
Charles  Burckhalter,  A.  O.  Leuschner,  S.  D.  Townley,  A.  H 
Markwart. 

For  Fublication  Committee:   R.  G.  Aitken,  H.  D.  Curtis. 

Messrs.  Ziel  and  Costa  were  appointed  by  the  chair  as  tellers,  and 
the  ballots  were  distributed  to  members  present,  to  be  collected  and 
counted  at  the  close  of  the  address  of  the  evening. 

President  Crawford  then  introduced  the  speaker  of  the  evening.  Pro- 
fessor E.  E.  Barnard,  of  Yerkes  Observatory. 

The  announcement  that  this  distinguished  astronomer  was  to  speak 
had  called  out  a  large  and  most  attentive  audience,  which  greatly  enjoyed 
his  wonderful  illustrations  and  descriptions  of  the  darker  and  more 
obscure  regions  of  the  sky,  into  the  depths  of  which  his  keen  vision  has 
doubtless  penetrated  more  deeply  than  that  of  any  man  who  has  lived. 

At  the  close  of  his  address  a  cordial  vote  of  thanks  was  voted  by  the 
meeting. 

The  tellers  then  announced  that  the  Board  of  Directors  and  Publica- 

« 

tion  Committee,  as  nominated,  had  been  unanimously  elected. 
Adjourned. 

D.   S.  Rich.\rdson, 

Secretary. 


Minutes  of  the  Newly  Elpxted  Board  of  Directors  of  the 
Astronomical  Societ\'  of  the  Pacific,  in  the  Rooms 
OF  the  Society,  752  Phelan  Building,  San  Fran- 
cisco, ON  January  30,  1915,  at  9:30  p.  m. 

There  were  present  Directors  Cushing,  Costa,  Aitken,  Burck- 
halter, TowNLEY  and  Richardson. 

The  Board  was  called  to  order  by  Director  Burckhalter,  who  had 
been  made  temporary  chairman. 

The  only  business  on  hand  was  reorganization,  which  resulted  in  the 
election  of  the  following  officers  for  the  ensuing  year : — 

President:   R.  G.  Aitken. 

First  Vice-President:   S.  D.  Townley. 

Second  Vice-President:  J.  Costa. 

Third  Vice-President:   F.  V.  Cornish. 

Secretary  and  Treasurer:   D.  S.  Richardson. 
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The  newly  elected  President  appointed  the  foUowtng  committees : — 

Fimatuf  Committee:     C  S.  Gushing,  Wm.  H.  Cbockul  and  A.  H. 
Mabkwabt. 

Comtrt'Medal  Committee:  W.  \V.  Campbell,  R.  H.  Tucke*  and  H.  D. 

CtlTIS. 

Library  Committee:    A.  O.   Leuschxei.   F.  V.  Cornisb  and  D.   S. 

RiCHABDSON. 

Adjourned. 

D.    S.    RiCBABDSON. 

Secretary. 


Report  of  the  Tre.\screr  of  the  Astronomical  Siktiety  of 
THE  Pacific  for  the  Fiscal  Ye.\r  ending 

January  50,  1915. 

general  statement. 

Sccuritict  held,   17  bonds,  estimated  value   Ii7>i54  69 

Ca«h  la  William  AlTord  Fund   384  87 

"      "    Libraty  Fund   99  7* 

"      -    John  Dolbeer  Fund 467  9* 

-      "    Bruce  Medal  Fund   635  67 

**    Life  Membership  Funu   71  07 

"      "    Donohoc  Comet- Medal  Fund   9^383 

-    Getieral  Fund   3J4  74 

Total  assets $jo,o6j  63 

No  liabilities. 


STATEMENT     BY     FUNDS. 

WILUAM  ALVORD   FUND. 
Dr. 

To  Cash  Balance  January  31,  1914 $384  87 

Bond  and  Bank  Interests 160  44     $      $45  J* 

Cr. 
Bf  Transfers  to  General  Fund 160  44 

Cash  Balance  January  30,  191 5 $       384  87 

Securities  held,  4^  bonds,  estimated  value,  $4,570.15. 

UBRAKY   FUND. 
Dr. 

To  Cash  Balance  January  31,  1914 $138  98 

Bood  and  Bank  Interests 140  80    $      ^79  78 

Cr. 
By  Transfers  to  General  Fund 180  00 

Cash  Balance  January  30.  1915 $        99  78 

Sccwhka  held,  3H  bonds,  cstlmaled  Tilne,  $9,573*75. 
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JOHN  DOLBEER  FUND. 
Dr. 

To  Cash  Balance  January  31,  1914 $467  98 

Bond  and  Bank  Interests   333  83     $       701  81 

Cr. 
By  Transfers  to  General  Fund 333  83 

Cash  Balance  January  30,  1915 $      467  98 

Securities  held,  4^  bonds,  estimated  value,  $4,527.22. 

LIFE  MEMBERSHIP  FUND. 
Dr. 

To  Cash  Balance  January  31,  1914 $  69  31 

Bank  and  Bond  Interests 93  1 3     $       1 62  44 

Cr. 
By  Transfers  to  General  Fund 9x  37 

Cash  Balance  January  30,  1915 $         71  07 

Securities  held,  2  bonds,  estimated  value,  $1,996.25. 

BRUCE  MEDAL  FUND. 
Dr. 

To  Cash  Balance  January  31,  1914 $488  8z 

Bond  and  Bank  Interests  146  86     $      635  67 


Cash  Balance  January  30,  2915   635  67 

Securities  held,  2^  bonds,  estimated  value,  $2,487.22. 

DONOHOE  COMET-MEDAL  FUND. 
Dr. 

To  Cash  Balance  January  31,  1914 $  887  99 

Bank  Interests   35  84 

Cash  Balance  January  30,   191 5    $  923  83 

THE  GENERAL  FUND. 
Dr. 

To  Balance  January  31,   1914   $578  63 

John  Dolbeer  Fund 233  83 

William  Alvord  Fund 1 60  44 

Life  Membership  Fund    91   37 

Library  Fund   1 80  00 

Special  Donation  from  Unknown  Friend   100  00 

Sale  of  Publications 31   00 

Membership  Dues   579  50 

Total  Receipts $    1,954  77 

Cr. 

By  Blair-Murdock  Company,  printing $994  14 

Sunset  Publishing  House,  half-tones   29  10 

Rent  of  rooms  242  50 

Salary,   Secretary-Treasurer   240  00 

Engraving  Comet-Medals 5  64 

Shelving  for  Library   10  25 

Crocker  safe-deposit  box 4  00 
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Taxc* I  i8  31 

RxprcsMcc  on  PoptUmr  Astronomy a  90 

lasarance  on  Library 6  90 

Tranaferrcd  to  Library  Fond J7  50 

Transferred  to  Bruce  Medal  Fund   u  50 

Special   clerical   services    5  00 

Incidental  expenses  Bruce  Medal j  00 

Postages  and  incidentals  18  29     $    i,6jo  03 


Balance  January  30,  1915   $       3M  74 


F'vN[»s  OF  THE  Astronomical  Society  of  the  Pacific  Held  in  Deposit 
BY  the  Mercantile  Trust  Company  of  San  Fran- 
cisco, AT  464  California  Street. 

Thc>«  securities  are  all  of  the  face  denominations  of  $1,000.  and  the 
values  given  represent  their  original  cost  to  the  Society. 

Ltff  Membtrship  Fund, 

One  South  Pacific  Coast  Railroad  Company's  ist  mortgage,  guaranteed 
4  per  cent  Gold  Bond,  No.  3406.     Principal  due  July,  1937;  inter* 

est  payable  in  January  and  July $1,000  00 

One  Los  Angeles  Gas  and  Electric  general  mortgage  5  per  cent  Gold 
Bond.  No.  71J.  Principal  due  July  i,  1934;  interest  payable  Jan- 
nary  ist  and  July  ist 996  45 

Aitxander  M ontgomery  Library  Fund, 

One  Oakland  Transit  consolidated  ist  consolidated  mortgage  5  per 
cent  Gold  Bond,  No.  4328.  Principal  due  July,  193a;  interest  pay* 
able  January  and  July 1,040  00 

One  Contra  Costa  Water  Company's  5  per  cent  Gold  Bond,  No.  1665. 

Principal  due  January.   1915;  interest  payable  January  and  July..       1,035  00 

Onr-half  Los  Angeles  Gas  and  Electric  general  mortgage  5  per  cent 
Gold  Bond.  No.  714.  Principal  due  January  1.  1934:  interest  pay* 
able  January  ist  and  July  ist  497  50 

One  Blue  l^kes  Water  Company  6  per  cent  ist  mortgage  Gold  Bond. 
No.  380.  Principal  due  1938:  interest  payable  March  15th  and 
September  1 5th 1,001   m$ 

B'uit  \fedai  Fund, 

One  Bay  Counties  Power  Company  ist  consolttlatcd  mortgage  5  per 
cent  sinking  fund  Gold  Bond.  No.  1636.  Principal  due  September. 
1930:  interest  payable  March  and  September 1,01  a  50 

One  Edi»on  Electric  Company,  Los  Angeles,  ist  and  refunding  mort- 
gage 5  per  cent  <»old  Ilon<l,  No.  6836.  Principal  due  September. 
lOia :  interest  payable  in  March  and  September   977  mm 

On f -half  Los  .\ngeles  Gas  and  Electric  general  mortgage  5  per  cent 
GoM  Bond.  No.  714.  Principal  due  January  i,  1934;  interest  pay- 
able January  ist  and  July  ist 497  50 

f>'kn  Dolbtrr  Fund. 

One  South  Pacific  Coast  Railway  Company's  ist  mortgage  4  per  cent 
guaranteed  Gold  Bond.  No.  3407.  Principal  due  July.  1937:  inter- 
est payable  in  January  and  July 1 .000  00 

One  Oakland  Transit  consolidated  ist  consolidated  mortgage  5  per 
cent  Gold  Bond.  No.  43^-  Principal  due  July.  193a;  interest  pay- 
able January  and  July i  ,040  00 
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One  Bay  Counties  Power  Company  ist  consolidated  mortgage  5  per 
cent  sinking  fund  Gold  Bond*  No.  1637.  Principal  due  September, 
1930;  interest  payable  March  and  September $  1,012  50 

One  Edison  Electric  Company,  Los  Angeles,  ist  and  refunding  mort- 
gage 5  per  cent  Gold  Bond,  No.  6837.  Principal  due  September, 
1922 ;  interest  payable  in  March  and  September 977  aa 

One-half  Los  Angeles  Gas  and  Electric  general  mortgage  5  per  cent 
Gold  Bond,  No.  713.  Principal  due  January  i,  1934;  interest  pay« 
able  January  zst  and  July  ist  497  50 

William  A  Ivor d  Fund, 

Two  Contra  Costa  Water  Company's  5  per  cent  Gold  Bonds,  Nos. 
87  and  1666.  Principal  due  January,  191 5;  interest  payable  in  Jan- 
uary and  July 3,071  50 

One-half  Los  Angeles  Gas  and  Electric  general  mortgage  5  per  cent 
Gold  Bond,  No.  713.  Principal  due  January  i,  1934;  interest  pay- 
able January  ist  and  July  ist 497  50 

One  Blue  Lakes  Water  Company  6  per  cent  ist  mortgage  Gold  Bond, 
No.  381.  Principal  due  1938;  interest  payable  March  15th  and 
September  1 5th ' 1,001  *$ 

One  Moulton  Irrigated  Lands  Company  6  per  cent  ist  mortgage  Gold 
Bond,  No.  144.  Principal  due  December  15,  191 8;  interest  payable 
June  1 5th  and  December  1 5th 1,000  00 


Seventeen  bonds,  original  cost   $17,154  69 


Note. — ^The  three  Contra  Costa  Water  Company's  5  per  cent  Gold  Bonds  held 
by  the  Society,  viz:  Nos.  87,  1665  and  1666,  were  due  and  payable  on  January  i, 
1 91 5.  Same  have  not  been  paid.  There  is  also  due  the  Society  interest  on  these 
bonds  for  the  year  191 4.  amounting  to  $150.00. 

During  the  year  1914  ten  new  members  were  added  to  the  Society. 
There  were  eight  deaths  and  three  resignations. 

D.  S.  Richardson, 

Secretary-Treasurer. 


The  undersigned,  constituting  the  Auditing  Committee  of  the  Society, 
have  examined  the  foregoing  accounts  and  found  them  to  be  correct. 


Charles  S.  Cushing, 
Frank  V.  Cornish, 
B.  A.  Baird, 

A  tiditing  Co  m  mittee. 
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OX    ATMOSPHERIC  COXDITIOXS   REQUIRED   FOR 
ASTROXOMICAL  OHSERX'ATIOX. 


By  W.  W.  Campbeix. 


The  importance  of  good  atmospheric  and  general  conditions 
for  astronomical  research  has  probably  been  realized  by  every 
ob<er\*ing  astronomer  since  the  days  of  Sir  Isaac  Xewtox. 
Xkwtcix  called  attention  to  the  important  fact  that  however 
perfect  a  telescope  may  be  there  yet  remain  certain  limitations 
to  its  |)erfomiance,  arising  from  imperfections  in  the  atmos- 
phere thru  which  the  observer  looks.  Xewton  commented 
that  the  only  remedy  is  **a  serene  and  quiet  air,  such  as  may 
perhaps  !)e  found  on  the  tops  of  the  highest  mountains  above 
the  grosser  clouds.**  I  have  for  many  years  ardently  admired 
Xkwton's  use  of  the  word  "perhaps**  in  this  connection. 

Xotwithstanding  the  value  which  astronomers  in  general 
have  for  many  generations  placed  upon  goo<l  conditions,  they 
have  been  obliged  to  accept  conditions  as  they  exist  near  the 
cities  and  universities  with  which  their  life  has  been  associated, 
with  only  a  few  exceptions,  almost  up  to  the  present  genera- 
tion of  astronomical  workers.  There  was  the  expedition  of 
Pi  \zzi-Smvth  to  the  Peak  of  Teneriffe,  principally  to  answer 
the  question,  •*How  much  can  astronomical  observation  he 
Iwnefited  by  eliminating  the  lower  j>art  of  the  atmosphere?** 
<  iRKKN  went  to  Madeira  in  1877  to  observe  }fars,  partly  l)e- 
cau<e  of  more  tranquil  atmosphere  than  at  his  home  station, 
and  partly  to  have  Mars  transit  the  meridian  at  a  greater  alti- 
tude. Tacchini  constnicted  an  observatorv  on  Mount  Etna. 
I.wssKx's  observatorv  on  the  summit  of  Mount  Blanc  was  a 
heroic  effort  for  better  atmospheric  conditions.  Lanc.lev  con- 
ducted a  notable  exfjedition  to  Mt.  Whitney,  and  there  have 
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been  several  similar  undertakings.  Strenuous  efforts  were  made 
to  induce  James  Lick  to  locate  his  observatory  in  the  Sierra 
Nevada  Mountains,  at  an  altitude  not  less  than  io,ood  feet,  but 
other  counsel  persuaded  him  to  select  an  altitude  of  only  4,200 
feet.  Many  other  observatories  have  in  recent  years  been 
located  on  the  summits  of  mountains  or  on  plateaus.  The  most 
extensive  tests  at  prospective  observing  stations  have  been  made 
by  the  Harvard  College  Observatory,  notably  by  Professors 
Bailey  and  William  H.  Pickering  on  the  west  coast  of  South 
America,  by  Professor  Bailey  in  South  Africa,  and  by  Pro- 
fessor Pickering  in  Mexico,  Southern  California,  Arizona  and 
the  West  Indian  Islands.  Copeland  in  the  early  i88o's  tested 
many  stations  in  the  high  equatorial  regions  of  South  America. 
Eclipse  observers  have  reported  upon  conditions  at  a  multitude 
of  widely  distributed  stations  occupied  by  their  expeditions. 
Messrs.  Wright  and  Curtis,  when  successively  in  charge  of 
the  D.  O.  Mills  Expedition  to  the  southern  hemisphere,  made 
careful  tests  of  many  places  in  Central  Chile,  thruout  a 
range  of  several  degrees  of  latitude.  Under  the  auspices  of  the 
Carnegie  Institution,  Professor  Hussey  tested  the  conditions 
existing  at  several  promising  stations  in  Southern  California, 
Arizona,  and  Australia.  Many  observers  have  thought  that  the 
best  conditions  could  perhaps  be  found  on  some  of  the  small 
tropical  islands,  tho  the  reports  by  eclipse  observers  are  some- 
what conflicting  as  to  the  merits  of  an  insular  location,  and  the 
experience  of  Sir  David  Gill  on  Ascension  Island  was  not 
favorable.  In  The  Observatory,  Vol.  36,  pages  401-404,  Pro- 
fessor WiLLLVM  H.  Pickering  made  a  strong  plea  for  the 
tropical  island,  as  a  result  of  his  experiences  at  Mandeville, 
Jamaica,  at  an  altitude  of  2,100  feet  above  sea-level,  with  an 
1 1 -inch  refractor.  The  disadvantage  of  the  usual  enervating 
effects  of  tropical  climate  is  readily  avoided,  he  says,  by  ascend- 
ing to  a  moderate  altitude.  He  claims  for  his  station  a  larger 
pro|X)rtion  of  clear  nights  than  exist  in  the  eastern  part  of  the 
United  States  or  in  the  temperate  zone  generally,  clearer  sky, 
greater  freedom  from  night  winds,  a  command  of  a  larger  area 
of  the  heavens,  greater  personal  comfort  of  the  observer,  and, 
most  important  of  all,  the  better  definition  of  the  objects  ob- 
served.    The  best  "seeing'  at  Harvard  Observatory  ranges 
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1  6.2  to  6.5  on  the  scale  of  10  for  perfection,  whereas  at 
Uanrtrvtlle  it  reaches  8,8.     The  stcnilincss  and  definition  of 
dUr  images  for  ohject-i  within  .^o"  of  the  horiion  at  Mande- 
rflle  i*  as  good  as  the  steadiness  and  definition  of  objects 
within  jo'-"  of  the  zenith  at  Harvard.    He  states  that  the  termi- 
nator of  the  Moon  as  viewed  with  a  power  of  350  diameters 
njl  aboolately  sharp,  without  the  slightest  perceptible  motion  or 
^HibrBtioa,  on  one  night  in  three  on  the  average  thniout  the 
^■ttr.  To  quote  his  ver\- strong  sentence  on  the  subject :  ""Lfnder 
HImsc  circumstances  it  woidd  appear  that  we  are  seeing  the 
Hpfoon  as  clearly  as  we  should  if  our  own  atmosphere  were  en- 
^^rely  removed."     Many  experienced  observers  will  naturally 
look  twice  at  the  quoted  sentence,  because  of  the  superlative 
(legfee  employed  therein. 

Professor  Pickkxincs  explanation  of  the  better  conditions 
existing  in  the  troi»cs  is  based  upon  H.min's  conclusion  that 
the  great  anti-cyclones  which  swee|)  the  tentjwrate  zones,  mix- 
ing the  air  of  different  strata,  are  more  frequent  in  the  United 
yi^Sbitcs  than  in  any  other  portion  of  the  world.  These,  in  his 
^npinion,  are  the  source  of  the  disasters  (o  astronomical  defini- 
g^noo-  He  says:  "It  is  doubtful  if  any  portion  of  the  civilized 
world  can  furnish  poorer  seeing  than  is  usually  found  in  our 
Eastern  States."  whereas  the  anti-cyclones  reach  down  to  the 
tropics  only  once  in  a  great  while.  Professor  Pickerinc's 
ion  is  "that  in  the  future  many  of  the  large  observatories 
I  the  world  will  maintain  tropical  suh-siations,  furnished  with 
mial  equipments  of  the  vcr>'  finest  quality,  and  that 
(nxn  these  stations  most  of  the  world's  observing  will  ultimately 
be  (lone."  The  o|Mmon  of  many  astronomers  has  long  been 
lo  the  effect  that  such  tropical  locations  as  Professor  Pickering 
describes  mnst  have  great  merit,  and  they  have  examined  the 
map  of  tl»e  world  with  longings  to  make  tests  on  certain  tropical 
blsods. 

Profeswr  PirKKiisci  does  not  comment  upon  the  Jamaican 

ifition.i  for  observations  of  the  Sun. 

f  It  had  seemed  to  many  that  the  Ko<laikanal  Observatory. 

sr  the  Kiiillwm  point  of  India,  latitude  10°  north,  should 

»»  excellent  observing  conditions.     The  mountain  peak 

I  which  the  observator)*  stands  has  a  large  an<I  relatively 


68  Publications  of  the 

flat  top,  altitude  7,700  feet,  and  the  instruments  are  not  near 
any  steep  slopes.  The  excellent  results  which  flow  from  the 
Kodaikanal  Observatory  are  assurance  that  the  combination  of 
observers,  instruments  and  observing  conditions  has  a  high 
mean  value. 

Bulletin  No.  42,  recently  issued  by  the  Kodaikanal  Observa- 
tory, calls  attention  to  the  fact  that  the  atmospheric  conditions 
at  that  station,  at  least  for  solar  observations,  are  extremely 
poor  in  comparison  with  the  conditions  which  Director  Ever- 
shed  has  found  to  exist  on  the  floor  of  the  Kashmir  Valley, 
in  the  north  temperate  zone,  latitude  34°.  The  floor  of  the 
Kashmir  Valley  is  5.200  feet  above  sea-level,  and  is  some  15 
or  20  miles  wide  by  about  80  miles  long.  The  valley  is  com- 
pletely surrounded  by  high  mountains,  ranging  from  15,000 
feet  above  sea-level  on  the  southwest  side  to  more  than  20,000 
feet  on  the  north  and  northeast  sides.  In  August  and  October, 
1913,  and  again  in  May,  June,  and  July,  1914,  extensive  atmos- 
pheric  tests  were  conducted  in  the  vicinity  of  Srinagar,  on  the 
floor  of  the  valley.  In  1914,  both  before  and  while  the  Kashmir 
tests  were  under  way,  comparative  observations  were  made  at 
Kodaikanal.  The  superiority  of  the  conditions  in  the  Kashmir 
\^alley  was  stronj^^ly  marked.  At  Kodaikanal,  as  at  many  other 
mountain  observatories,  solar  observations  have  generally  to 
cease  when  the  nioniing  Sun  reaches  an  altitude  of  25°  or  30°, 
because  the  images  become  extremely  unsteady.  In  the  Kash- 
mir V^alley,  on  the  contrary,  the  solar  images  were  excellent  to 
start  with  and  retained  their  excellence  thruout  the  day. 
Several  stations  were  occupied  in  the  floor  of  the  Kashmir  Val- 
ley, and  a  few  observations  were  made  at  selected  points  on 
the  mountain  slopes  surrounding  the  valley.  The  day-time 
atmospheric  conditions  in  the  valley  were  notably  superior  to 
those  at  the  higher  altitudes.  The  l>est  conditions  in  the  valley 
were  at  a  station  surrounded  by  lakes  and  flooded  rice  fields. 
Tlie  night  conditions  on  the  slopes  were  l>etter  than  the  day 
cc^nditions,  but  not  so  good  as  the  night  conditions  in  the  valley. 

The  number  of  hours  of  sunshine  at  Kodaikanal  and  Srinagar 
are  shown  by  the  records  to  be  practically  the  same,  2,028  hours 
per  annum.  Kvi:rshrd  estimates,  "that  at  Kodaikanal  not  more 
than  one  hour  in  six  of  bright  sunshine  is  available  for  photo- 
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jr^aphy,  or  for  detailed  spectrograph ic  study,  because  of  un- 
steady solar  images,  whilst  in  Kashmir  at  least  five  hours  out  of 
*»ix  would  be  available — a  very  conservative  estimate  would 
jjive  four  times  the  opportunity  for  work  in  Kashmir  as  com- 
paretl  with  Kodaikanal.  and  in  addition  the  quality  of  the 
material  which  could  be  secured  at  all  times  in  Kashmir  would 
be  equal  to  the  very  best  that  Kodaikanal  can  produce  on 
occasions  when  the  definition  is  really  good." 

Evershed's  atmospheric  tests  in  Xew  Zealand  have  led  him 
t<»  select  the  summit  of  a  low  hill  near  the  coast  line  for  the 
Mte  of  the  Cawthom  (^servator),'.  The  definition  on  the 
higher  hills  in  the  same  neighborhood,  so  far  as  solar  observa- 
tions were  concerned,  were  poorer  than  on  the  low  hills.  I 
understand  that  Mr.  Evershei)  regards  the  tropics  as  unfavor- 
able for  obscr\'ations  of  the  Sun.  Director  Evershed's  paper 
<lc)es  not  describe  the  ni^^ht  conditions  existing  at  Kodaikanal. 
A  full  report  on  this  subject  would  be  read  with  great  interest. 

It  should  be  said  that  many  conditions,  atmospheric  and 
general,  concern  the  advantageous  location  of  an  observator>'. 
Much  depends  upon  the  nature  of  the  observatory's  program, 
and  something  upon  the  size  of  the  instruments  to  be  employed. 
The  heavy  deposit  of  dew  which  characterizes  tropical  stations 
in  general  may  not  be  important  with  small  instalments,  but 
it  might  be  verj-  serious  with  large  refractors  or  large  re- 
flectors. This  point  has  not  been  adequately  tested.  The  clouds 
conie  quickly  and  go  quickly  in  the  tropics.  This  factor  is 
comparatively  unimportant  when  the  ecjuipment  consists  of  a 
>mall  telescope,  and  the  observations  are  visual  or  involve  only 
<hort  photographic  exposures ;  but  it  would  be  extremely  serious 
for  a  large  institution  whose  ob.ser\'ations  are  principally  photo- 
graphic, and  especially  so  if  the  exposures  are  long.  In  the 
first  case  the  obser\'er  can  open  his  dome  quickly  and  proceed 
at  once  with  his  observations:  in  the  latter  case  a  couple  of 
hours  in  the  late  afternoon  may  be  spent  in  getting  the  ex- 
tensive instrumental  equipment  ready  for  observation,  and 
clouds  may  render  his  preparations  useless,  or  he  may  be  in 
the  midst  of  a  three-hour  exposure  when  the  clouds  compel 
him  to  cease  observing  and  to  throw  away  the  partially-ex- 
posed plate.    One  of  the  valued  conditions  on  Mount  tiamilton 
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IS  that  the  nights  are  in  general  entirely  clear  thruout  their 
whole  duration,  or  are  entirely  cloudy  thruout  their  whole 
duration.  When  clouds  do  arrive  in  the  course  of  the  night 
they  frequently  render  absolutely  useless  many  hours  of  hard 
work  devoted  to  the  adjustments  and  to  the  first  part  of  the 
exposure  necessary  to  give  the  photographic  image  the  de- 
sired intensity.  The  administration  of  a  great  observatory 
with  fair  economy  and  efficiency  depends  not  only  upon  atmos- 
pheric conditions  but  upon  general  conditions.  I  can  conceive 
of  no  plan  so  inefficient  and  unwise  as  that  of  locating  a 
permanent  observatory  on  a  high  mountain  peak,  such  as 
Mount  Whitney  or  Mont  Blanc.  Such  a  location  would  be 
practically  useless  during  the  large  majority  of  the  months  of 
the  year,  and  the  connections  of  such  an  observatory  with  the 
outside  world,  maintained  at  great  risk  year  after  year,  would 
sooner  or  later  involve  tragedies  not  justified  by  the  scientific 
results. 
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A  SusrECTEi)  Star. 

(x=:B.  D.  +  27°  3530  (9"^.2).) 

While  examining  an  old  sketch  of  S.  Vulpecul.^  a  year  ago, 
I  was  surprised  to  see  some  undulations  in  the  light  of  the  little 
star  .r  as  compared  with  the  following  stars  in  that  region : — 

c=B.  D.  +  27°  3534  (7'".8.) 

f=  3532    (8m.8.) 

f'=  3535  (9™.o.) 

1  found  .r  either  brighter  or  fainter  than  f^  sometimes  even 
.r  :=/,  which  happened  in  1914,  November  loth. 

Mr.  \'icr()R  Nielsen,  "Urania,"  Copenhagen,  has  at  my 
recjuest  had  the  kindness  to  observe  and  photograph  the  sus- 
pected star  and  writes  about  it :  **The  star  .r  looks  strange  to 
me,  and  the  photographic  plates  are  apparently  showing  the 
star  as  an  extraordinary  object.     Its  color  is.  according  to  sev- 


^  Vide  the  sketch  in  the  Publications  A.  S.  P.,  No.   135,  28,  42. 
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i-^  .^•«rrt«r%.  ^'c^mi^  "  He  hA«  JuMctl  ihc  mtcre^tiiiK  rr* 
mrni  U  bm  m  <  f'  vi*tul.  then  x  >  f*  fihcrtuieraphic.  ami  jr 
•  «    -**  <  nr4«ilija«  and  thrrrhirc  cliAWult  to  ^rt  in  focut.'* 
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^  and  P  are  expressed  in  kilometers ;  X  is  longitude  from  Copenhagen ;  0  is 
north  latitude;    *»  is  the  altitude  of  the  meteor  above  the  Earth's  surface. 

The  Carina-Meteor  catalog  has  now  reached  the  number  of 
5,944  meteors,  observed  from  stations  in  Denmark  and  sur- 
rounding countries  from  1875  ^^  ^9^4  inclusive. 

From  August  loth  to  15th,  inclusive,  astronomical  lectures 
were  held  at  the  Carina  Observatory  in  Odder. 

In  the  estimation  of  variable  stars  I  have  been  assisted  by 
Mr.  J.  Skakki:,  wlio,  also,  by  the  aid  of  a  /S"""  Darlot  lens,  has 
photographed  numerous  regions  of  the  heavens.  He  likewise 
succeeded  in  obtaining  a  ])latc  with  several  exposures  of  the 
Moon  eclipse  of  March  12th,  from  3''  53"'  to  5''  ^^"^  a.  m. 
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PLANETARY  PHENOMENA  FOR  MAY  AND 

JUNE,  1915. 


By  Maixolm  McNeill. 


PHASES  OF  THE  MOON,  PACIFIC  TIME. 

Last  Quarter  . .  May  5,  9*»  23"  p.m.  i    I-ast  Quarter.  .June  4,   8**  yi^  a.m. 

.\'cw  Moon **    13.  7   31     P.M.  .    New  Moon  ...    "    12,10   57    a.m. 

Fir-t    Quarter..    "   21.8   50    p.m.  First    Quarter.    "    20,   6   24    a.m. 

Full  Moon   "   28.  I    ^z    P.M.      Full  Moon "   26.   8   27    p.m. 


The  Sun  reaches  the  summer  solstice  and  summer  beg^ins  on 
June  22i\,  about  4  a.  m.  Pacific  time. 

The  present  two-months  period  affords  the  best  opfwrtunity 
of  the  year  for  observation  of  Mercury  as  an  evening  star. 
It  Jesses  superior  conjunction  with  the  Sun  on  the  morning  of 
May  1st  and  the  apparent  distance  of  the  bodies  rapidly  in- 
creases, so  the  planet  remains  above  the  horizon  more  than  an 
hour  after  sunset  some  time  before  the  middle  of  the  month. 
<  ircatest  east  elongation  21^"^  18'  is  reached  on  May  31st,  and  the 
planet  then  remains  above  the  horizon  nearly  two  hours  after 
simset.  The  planet  and  the  Sun  then  begin  to  approach  each 
other.  Init  the  interval  between  their  times  of  setting  does  not 
le-^sen  to  an  hour  until  at)out  the  middle  of  the  month.  After 
this  the  two  bodies  approach  each  other  rapidly  and  come  to 
conjunction  on  June  26th.  There  will  therefore  be  a  month 
i*T  more  in  which  the  planet  can  be  .seen  in  the  evening  twi- 
light. This  is  rather  a  long  time  for  visibility.  The  greatest 
elongation,  2t^^  18',  is  onlv  an  average  one;  but  during  May 
the  planet  is  some  degrees  north  of  the  Sun,  thus  retarding 
the  setting  of  the  planet.  This  condition  is  rever.sed  in  June, 
and  the  planet  is  somewhat  south  of  the  Sun,  making  a 
ten<lency  toward  an  earlier  setting;  but  the  real  distance  of 
the  planet  from  the  Sun  increases  until  June  20th,  when 
af>helion  is  reache<l.  This  causes  a  less  than  average  diminu- 
tion of  the  apparent  distance  between  the  bo<lies  after  greatest 
elongation  and  retards  the  setting  of  the  planet.  Near  the 
time  of  greatest  elongation  Sfcrcury  remains  above  the  horizon 
long  enuf  so  that  twilight  fades  sufficiently  to  allow  the  brighter 
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stars  near  the  planet  to  be  seen.  The  planet  moves  eastward 
thru  the  constellation  Taurus  and  Gcfnini.  Shortly  after  the 
first  of  May  it  is  about  5°  south  of  the  Pleiades,  On  May  i6th 
it  is  about  7°  north  of  Aldebaran,  a  Tauri,  the  brightest  star  in 
the  constellation.  By  June  ist  it  is  on  the  border  line  between 
Gemini  and  Taurus,  At  the  time  when  it  ceases  to  be  easily 
seen  it  is  south  and  west  (not  far  from  vertically  below,  as 
seen  near  setting)  of  Castor  and  Pollux  about  10°.  On  May 
31st  it  passes  conjunction  with  Saturn^  the  latter  planet  being 
2°  29'  south. 

Venus  is  a  morning  star,  with  gradually  diminishing  ap- 
parent distance  from  the  Sun  and  diminishing  brightness,  altho 
it  is  still  the  brightest  of  the  planets.  Thruout  the  two-months 
period  it  rises  about  an  hour  and  twenty  minutes  before  sun- 
rise, the  interval  not  varying  more  than  five  minutes.  It  moves 
from  the  constellation  Pisces  thru  Aries  into  Taurus,  and  on 
June  23d  it  will  pass  about  4°  north  of  Aldebaran,  a  Tauri, 

Mars  is  gradually  drawing  far  enuf  away  from  the  Sun  to 
be  easily  seen  in  the  morning  twilight.  On  May  ist  it  rises 
a  little  more  than  an  hour  before  sunrise  and  on  June  30th 
the  interval  has  increased  to  about  two  and  a  half  hours.  Dur- 
ing this  time  it  moves  44°  eastward  and  15°  northward  from 
Pisces  thru  Aries  into  Taurus,  reaching  on  June  30th  a  point 
about  5°  south  of  the  Pleiades.  On  the  morning  of  May  14th 
it  is  in  conjunction  with  Venus,  the  latter  planet  being  about 
1°  south.  Mars  is  still  lessening  its  distance  from  the  Earth, 
being  at  the  end  of  June  sixteen  millions  miles  nearer  us  than 
it  was  on  May  ist,  and  its  brightness  increases  10  per  cent 
(luring  the  period,  so  that  it  is  now  about  as  bright  as  an 
average  first-magnitude  star. 

Jupiter's  apparent  distance  from  the  Sun  is  still  increasing. 
On  May  ist  it  rises  al>out  two  hours  before  sunrise,  and  on 
June  30th  it  rises  a  little  before  midnight.  It  is  in  the  con- 
stellation Pisces,  moving  about  8°  eastward  and  3°  northward. 
At  the  end  of  June  it  is  about  1°  west  and  2°  south  of  the 
vernal  equinoctial  point,  but  will  begin  its  retrograde  motion 
before  it  reaches  the  equinox. 

Saturn  is  in  good  i)Osition  for  evening  observation  during 
May.  but  is  drawing  nearer  to  ihe  Sun  and  comes  to  conjunc- 
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tion  on  June  28th.  On  May  ist  it  sets  nearly  four  hours  after 
sunset :  this  diminishes  to  two  hours  before  June  ist  and  be- 
comes zero  before  the  end  of  the  month.  It  is  in  the  western 
part  of  Gemini  and  moves  about  8°  eastward  during  the  two 
months.  Oi  June  is^  it  is  about  half  way  between  Aldebaran 
and  Castor  and  Pollux.  The  ring^s  retain  their  apparent  open- 
\t\^,  the  minor  axis  being  about  45  per  cent  of  the  major. 

Vranus  rises  shortly  before  2  a.  m.  on  May  ist  and  shortly 
before  10  p.  m.  on  June  30th.  It  is  therefore  getting  far  enuf 
away  from  the  Sun  to  be  seen  on  a  clear  moonless  night,  but 
unfortunately  there  is  no  bright  star  near.  It  is  nearly 
stationary  in  the  constellation  Capricorn,  moving  about  half  a 
degree  westward  during  June.  There  is  a  fourth-magnitude 
star,  iCapriconti,  about  1°  east  during  May  and  the  distance 
between  planet  and  star  increases  about  one  half  during  June. 

\cptunc  is  in  the  western  sky  in  the  evening,  setting  shortly 
before  9  p.  m.  on  June  30th.  It  moves  about  2°  eastward  in 
the  constellation  Cancer. 


(EIGHTY-FIFTin    AWARD  OF  THE  DONOIIOE 

COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  in  duplicate  to  Mr.  Leon  Campbkll.  Assist- 
ant in  Charge  of  the  .\re(|uipa  Station  of  the  Har\'ard  Ob- 
servator}',  in  Peru,  for  the  discovery  of  an  unexpected  comet 
on  the  morning  of  September  18,  1914;  and  to  Mr.  Charles 
James  \Vestl.\ni),  Christchurch.  New  Zealand,  for  the  dis- 
covery of  the  same  comet  a  few  hours  later. 

Committee  on  Comet-Medal : 

W.  \V.  Campbell. 

R.   H.   TlXKER, 

Heber  D.  CrRTis. 

XoTF^ — The  unusual  difficulties  in  sending  cable  messages, 
arising  from  the  world-wide  war.  preycnted  prompt  announce- 
ments of  the  discovery  of  this  cornel  to  the  observatories  on 
other  continents. 
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Mr.  Campbell  announced  his  discovery  by  caUe  promptly  to 
Harvard  College  Observatory,  the  message  was  duly  received, 
and  the  usual  Harvard  circular  of  information  was  issued  on 
September  19th,  but  it  was  not  practicable  and  probably  not 
possible  to  inform  European  astronomers  by  cable  thru  the 
medium  of  the  distribution  bureau  at  Kiel,  Germany.  Mr. 
Campbell  discovered  the  comet  at  Greenwich  mean  time  Sep- 
tember 17^.74,  and  his  first  photog^ph  of  the  comet  was  made 
at  date  September  i7*.8o. 

Mr.  Westland's  discovery  was  made  at  Gr.  M.  T.  Septem- 
ber 17^.99,  and  he  at  once  secured  a  photc^aph  of  the  comet, 
which  recorded  a  tail  10^  in  length.  He  promptly  announced 
the  discovery  by  telegraph  to  Mr.  C.  E.  Adams,  Government 
Astronomer,  Wellington,  New  Zealand.  Mr.  Adams  en- 
deavored to  cable  to  the  Lick  Observatory,  but  found  that  the 
British  x:able  from  New  Zealand  to  British  Columbia  had  been 
cut  by  an  enemy *s  warship;  whereupon  he  cabled  the  infomup 
tion  to  the  Government  Astronomer,  Melbourne,  Australia. 

The  comet  was  independently  discovered  by  Dr.  Joseph 
LuNT  of  the  Royal  Observatory,  Cape  of  Good  Hope.  Dr.  Lunt 
first  saw  the  object  at  Gr.  M.  T.  September  18*42,  but  con- 
cluded that  it  was  a  nebula.  The  following  night  was  cloudy. 
He  first  recognized  that  the  object  was  a  comet  at  Gr.  M.  T. 
September  20*^.27,  and  the  announcement  of  the  discovery  was 
cabled  to  London  on  September  21st.  The  Cape  of  Good 
Hope  announcement  was  the  first  one  to  reach  Great  Britain. 

The  comet  was  also  discovered  independently  by  Mr.  G.  V. 
Hudson.  Wellington,  New  Zealand,  and  by  Mr.  A.  Boalt, 
Napier,  New  Zealand,  at  Gr.  M.  T.  September  18** .go. 

All  of  the  discoveries  were  made  by  naked  eye,  and  it  is 
probable  that  the  object  was  discovered  independently  by  still 
other  observers. 

The  Comet-Medal  Committee  desires  to  record  that  each 
case  of  independent  discovery  by  two  or  more  observers  must 
be  considered  on  the  basis  of  attending  circumstances,  and  that 
the  award  described  above  is  in  no  sense  to  be  considered  as 
establishing  a  precedent  for  future  awards. 

The  Committee. 
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STELLAR  MOVEMENTS  AND  THE  STRUCTURE  OF 

THE  UNIVERSE:   REVIEW.' 


By  J.  H.  Moore. 


The  ultimate  aim  of  all  studies  in  stellar  astronomy  may  be 
retjanled  as  the  solution  of  the  problem  of  the  constitution  and 
Ntnicturc  of  the  universe;  the  determination  of  the  relations 
exi'^tin^  between  its  members,  and  the  nature  and  organization 
of  this  jp-eat  sy.stem.  Whether  the  investigations  lie  in  the 
field  of  the  accurate  determination  of  star  places,  stellar 
parallax,  the  brightness  of  stars,  radial  velocities  or  are  con- 
ceme<l  with  the  classification  of  stellar  spectra,  their  special 
interest,  from  the  larger  point  of  view,  arises  from  the  bearing 
of  the  results  upon  this  problem. 

During  the  past  decade  astronomical  observations  have  ac- 
aimulated  at  a  rapid  rate.  Improved  methods  have  resulted 
in  greatly  increased  acairacy,  and  even  the  mere  lapse  of  time 
has  contributed  its  part  in  the  determination  of  proper  motions. 
( >ne  branch  of  astronomv  can  hardly  be  said  to  have  attained 
to  the  age  of  majority,  since  it  was  less  than  twenty  years  ago 
that  the  spectroscopic  method  in  the  hands  of  Professor  C.\mp- 
HF-iJ-  first  yielded  accurate  values  of  radial  velocity.  To-day 
the  velocities  in  the  line  of  sight  of  some  twelve  hundred  stars 
are  available. 

Improvements  in  photometric  methods,  especially  thru  the 
ai<l  of  photography,  have  given  us  more  reliable  data  on  the 
fr.agnitudes  of  the  fainter  stars.  Even  in  the  counting  of  stars 
noteworthy  advance  has  been  made. 

The  data  of  observation  have  been  subjected  to  statistical 
analysis  by  several  investigators,  and  some  very  significant 
relations  have  been  brought  to  light  conccniing  the  distribu- 
tion and  movements  of  the  members  of  the  stellar  system  as 
well  as  the  general  fonn  of  the  system  itself.  To  these  re- 
'^earches  FVofes.sor  Eddinc.ton  has  made  notable  contributions. 
While  in  the  solution  of  the  problem  only  the  first  steps  can  be 

>  M»cmilUn    Science    Monographs.      By    ProfeiiAor    .\.    S.    Kodimctom.      Pp.    XII 
-»   ^66.      (.ondon:    Macmillan  ami  Co.   Ltd..   1914.     Price.  69  net. 
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said  to  have  been  taken,  nevertheless  we  are  able  to  set  down 
some  results  which  seem  fairly  well  established. 

Professor  Eddington  has  taken  the  occasion  in  preparing 
the  present  monograph  of  presenting  the  results  of  his  own 
researches  and  those  of  other  investigators  in  a  form  which 
will  appeal  to  those  who  have  not  been  able  to  follow  the  more 
technical  memoirs,  without  sacrificing  any  of  the  precision  of 
these.  It  is  a  clear  and  connected  statement  of  the  present 
state  of  our  knowledge,  as  developed  within  the  past  ten  years, 
of  the  structure  of  the  sidereal  universe,  and  an  account  of  the 
methods  by  which  this  knowledge  has  been  gained.  While 
suflFering  unavoidably  from  the  lack  of  historical  perspective 
incident  to  this  form  of  treatment,  it  gains  in  the  clear  and 
precise  statement  of  the  problem  and  the  direct  and  logical 
method  of  attack.  The  segregation  of  the  mathematical  de- 
velopment of  star  streams  and  the  methods  of  statistical 
analysis  in  Chapter  VII  and  X  is  a  good  arrangement  for 
the  general  scientific  reader,  by  whom  these  mathematical 
chapters  may  be  omitted  without  marring  greatly  the  con- 
tinuity of  the  discussion.  In  the  opinion  of  the  reviewer  it 
is  also  the  arrangement  to  be  preferred  in  the  presentation 
of  the  subjects  to  students  of  astronomy. 

The  treatise  is  divided  into  twelve  chapters.  In  the  first 
the  data  of  observation  are  considered, — apparent  position 
in  the  sky,  magnitude,  type  of  spectrum  and  color,  parallax, 
proper  motion,  radial  velocity  and  in  some  rare  cases  the 
mass  and  density  of  a  star.  Before  entering  upon  the  dis- 
cussion and  application  of  these  data  the  author  presents  in 
the  following  chapter  a  general  view  of  the  form  of  the 
sidereal  svstem,  the  distribution  of  its  members  and  the 
peculiarities  of  their  motions,  so  that  the  reader  may  appre- 
ciate more  readily  the  relation  to  the  general  problem  of 
each  invcstij^ation  described  in  succeeding:  cliai)tcrs. 

It  is  probable  that  for  some  time  and  perhaps  always,  most 
of  our  knowledjT^e  concerning  the  distrilnition  of  the  stars 
will  have  to  be  gained  from  the  analysis  of  stellar  magnitudes 
and  motions  from  which,  on  the  basis  of  certain  hypotheses, 
the  mean  distance  of  star  groups  may  be  inferred.  There  is, 
however,  a  small  number  of  stars  which  are  near  enuf  to  us 
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to  permit  of  accurate  determinations  of  their  parallaxes.   As 

far  infurmation  concerning  these  may  be  considered  reliable 

ind  birly  complete,  they  form  a  pood  starting  point  from 

-  vbich  to  proceed  in  a  study  of  the  stellar  system.    In  Chap- 

r  III  IVoftssor  Eijdincton  gives  s  list  of  the  nineteen  near- 

t  stars,  whose  parallaxes  are  equal  to  or  greater  than  o."3 

h  a  discussion  of  the  extent  to  which  this  list  is  complete. 

kis  perhaps  surprising  that  the  small  sample  should  exhibit 

I  (ahbfully  many  of  the  leading  facts  derived  from  more 

iieral  studies.     Eight  of  the  nineteen  stars  are  binaries,  a 

rtion,   however,   which   is   somewhat   higher   than   that 

hren  from  statistics  of  spectroscopic  and  visual  binaries. 

1  the  phenomenon  of  star  streaming  is  exhibited  by  them 

and   the  relative  number  of  stars   in   the   two  streams  is 

pnctically  the  same  as  that  derived  from  the  six  thousand 

stars   of    Boss's   Catalog.     A   striking   peculiarity   of  stellar 

motioa  is  indicated  in  that  the  least  luminous  stars  ap|>ear  to 

have  a  mean  linear  velocity  much  greater  than  that  of  the 

■hler  ones.    This  point  should  be  foltnwcd  up  in  future 

.  for  the  indication  is  so  clear  as  to  lend  some 

■ahility  to  its  reality.     A  further  signtticant  feature  is 

;  relative  number  of  stars  of  the  spectral  types  within  this 

There  are  none  of  Class  II,  two  of  Class  .\.  eleven  of 

19SCS  F.  G.  K.  and  four  of  Class  M.    Now  this  is  not  al  all 

itive  proportions  of  the  spectral  classes  represented 

'  stars  to  which  the  data  of  proper  motion,  radial 

>cilie«,  counts  of  stars,  etc.,  relate.    In  fact,  as  the  author 

5  out,  these  catalogs,  owing  to  the  method  of  selecting 

r  stars  down  to  a  given  apparent  magnitude  favor  the 

ITS  of  CTasses  B  and  /V.  since  they  are  the  more  luminous. 

re,  ibercforc,  give  us  an  incorrect  view  of  the  relative  num- 

o(  early  and  later  type  stars  in  any  definite  jHirtion  of  si)ace. 

Jisiribution  of  stars  of  different  spectral  tyj>es  within  a  definite 

me  of  space,  similar  lo  that  shown  above  by  the  nearest 

I.  has  been  ilerived  recently  from  a  more  general  investiga- 

p-  Professor  ScnwAHZscHiiJ).    Tlic  imjiortance  of  taking 

>  aeciHint  this  limitation  in  <laia  derived  from  star  catalogs 

1  applying  them  to  statistical  investigations  is  noted  by 

ofcsfor  l^>tKaTON  as  well  as  in  tliis  later  memoir. 


r  relaii^ 
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The  simplest  type  of  stellar  motion,  that  in  which  the  mem- 
bers of  a  group  are  found  to  have  equal  and  parallel  motions, 
is  considered  in  the  following  chapter.  From  a  knowledge  of 
the  proper  motions  of  the  individuals  of  a  moving  cluster, 
together  with  the  radial  velocity  of  a  single  member,  the  paral- 
lax  of  the  cluster  is  derived.  Precise  and  detailed  information 
is  thus  afforded  of  the  distance  and  hence  distribution  and 
luminosity  of  stars  whose  parallaxes  are  beyond  the  limit  of 
measure  by  the  direct  method.  For  two  examples  of  the  class, 
the  Taurus  and  Ursa  Major  clusters,  this  information  has 
been  derived,  but  for  the  third,  the  Perseus  cluster,  the  data 
at  present  do  not  permit  a  determination  of  the  parallax. 

These  great  communities  of  stars  are  known  to  be  moving 
thru  space  in  which  are  distributed  many  other  stars  not  of 
their  family,  and  yet  the  individuals  of  the  cluster  preserve  their 
motions  undisturbed.  This  fact,  as  the  author  very  clearly 
points  out,  affords  important  evidence  that  the  motions  of  stars 
are  due  to  the  central  attraction  of  the  whole  stellar  system 
rather  than  to  the  individual  attraction  of  their  neighbors. 

A  chapter  is  devoted  to  the  results  of  recent  investigations 
of  the  solar  motion,  with  a  brief  outline  of  the  theory  of  its 
determination  from  the  observations.  On  account  of  its  im- 
portance as  a  fundamental  unit  in  researches  on  the  distribu- 
tion of  the  more  distant  stars,  considerable  attention  has  been 
given  to  the  determination  of  the  direction  and  speed  of  the 
Sun's  motion.  Two  recent  results,  the  one  by  Professor  Boss, 
based  upon  proper  motions,  the  other  by  Professor  Campbell. 
derived  from  radial  velocities,  have  practically  superseded  the 
older  values.  The  two  results  derived  by  fundamentally  dif- 
ferent methods  agree  very  well  in  the  position  of  the  solar  apex 
in  right  ascension,  but  for  some  unexplained  reason  the  declina- 
tion is  some  ten  degrees  lower  for  the  apex  determined  from 
radial  velocities. 

The  speed  in  kilometers  j)er  second  of  the  Sun's  motion  is 
furnished  in  addition  to  its  direction  by  the  radial  velocity 
method. 

In  Chapter  VI  the  author  gives  a  clear  account  of  the  two- 
stream  theory,  based  largely  upon  his  own  researches.  Here 
•t  is  shown  that  the  fundamental  peculiarity  of  stellar  motion, 
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that  of  ihc  icmlcitcy  of  the  stars  to  move  in  two  favored  direc- 
tions. U  ioilicaied  by  ihe  proper  motions  of  stars  from  all 
,  regions  of  the  sky.  and  in  a  general  way  is  confirmed  by  radial 
b'TCkxity  obscri'a lions.  The  direction  and  si>ecd  of  tht-  two 
inw.  as  well  as  the  relative  <iislribution  of  the  stars  I)etwcen 
t  two  drifts,  arc  deduced.  lYoni  an  investigation  of  the  mean 
inccs  of  the  members  of  the  two  drifts,  he  cotichides  that 
c  tnixturc  of  the  stars  in  the  streams  is  fairly  complete.  That 
e  two-drift  theory  and  the  ahernative  point  of  view  offered 
r  ScnwAitzsciiiLD  in  his  cllipsoidai  hypothesis  represent  only 
^  most  striking  features  of  the  distribution,  is  clearly  indi- 
Ucd  b)'  the  author  Haiin's  interpretation  of  the  phenomenon 
I  terms  of  the  three-drift  hypothesis  is  shown  to  furnish  a 
'  afiproxiniation  to  the  actual  distribution,  .'\tiention  is 
1  ailed  to  the  fact  that  the  important  property  of  drift  O. 
k  that  it  includes  all  of  the  members  of  a  spectral  class,  seems 
»  show  that  this  drift  corresponds  to  some  real  physical  sys- 

,^  The  mathematical  theor)'  of  the  two-stream  and  ellipsoidal 

Dthcses  and  a  comparison  of  the  distnbtitions   resulting 

frucn  the  two  methods  of  analysis  arc  treated  in  the  cha)>ter 

which  follows.     The  essential  feature  of  both  representations 

^^ft  the  increase  of  peculiar  velocities  of  the  stars  in  two  favored 

HjfeRCtioiu. 

^K  A  most  interesting  chapter  is  givai  to  the  discussion  of  a 

^nJcrica  of  rrmarkable  phenomena  which  are  associated  with  sfiec- 

tral  type.    The  conclusion  reached  independently  by  Kaptevn 

ami  Caupbeu.  that  the  average  linear  velocity  increases  con- 

p  liauously  with  tlie  type  uf  spectrum  from  Class  It  to  Oass 

HH  constitutes  one  of  the  most  significant  discoveries  in  recent 

^^IMroaomy.    On  the  usually  accepted  order  of  stellar  evolution 

it  appears  as  if  a  star  is  bom  without  motion  and  giaJnally 

aeqaim  one.  and  that  this  motion  continually  increases  as  the 

Mar  grows  older.    The  author  considers  the  evidence  in  favor 

HM  some  alternative  explanatitnis  which  attempt  10  correlate 

^^■e  phcnotiicnon  with  mass  or  distance,  and  reaches  the  con- 

^BiHon  that  it  is  a  genuine  correlation   l>elwcen  speed   and 

qMctral  type.  in<lependcnt  of  cither  mass  or  distance,     l-'rom  a 

•tody  of  the  mean  distances  and  distribution  with  reference  to 
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the  galaxy  of  different  spectral  types,  the  conclusion  is  drawn 
that  the  stars  of  Class  B  are  strongly  condensed  in  the  galactic 
plane;  that  the  system  of  A  stars  is  very  oblate,  while  the 
system  of  M  stars  is  almost  globular.  The  hypothesis  of  dwarf 
and  giant  stars  as  put  forward  by  Professors  Hertzsprung 
and  Russell  is  carefully  considered.  The  order  of  evolution 
to  which  this  hypothesis  leads  is  directly  opposed  to  the  gen- 
erally accepted  one  which,  as  the  author  says,  "has  been  inde- 
pendently confirmed  by  studies  of  stellar  velocities,  galactic  dis- 
tribution, and  the  periods  of  binary  stars." 

In  Chapter  IX  an  account  is  given  of  the  information  to  be 
gained  by  counting  the  stars  brighter  than  a  given  magnitude. 
The  value  of  this  method  depends  largely  upon  the  accuracy 
with  which  the  magnitudes  are  determined  to  which  the  count 
refers.  Great  weight  is  given  to  the  very  comprehensive  in- 
vestigation of  counts  of  stars  between  the  second  and  seven- 
teenth magnitude,  published  by  Chapman  and  Mellote  in 
1914.  These  results  are  made  the  basis  of  a  determination  of 
the  relative  extension  of  the  stellar  system  in  the  galactic  plane 
and  in  a  direction  perpendicular  to  it. 

Our  knowledge  of  the  structure  of  the  stellar  universe  could 
be  said  to  be  fairly  complete  if  we  were  able  to  determine  the 
laws  of  density,  luminosity  and  velocity  for  this  system.  The 
author  sketches  very  clearly  the  statistical  methods  whose  ob- 
ject is  the  determination  of  these  laws,  based  upon  data  of 
counts  of  stars  between  given  magnitudes,  mean  parallactic 
motion  of  stars  of  given  magnitudes,  parallax  determinations, 
and  the  distribution  of  the  proper  motions  of  stars  brighter 
than  a  limiting  magnitude.  The  elegant  general  solution  of 
ScnvvARZSCTiiLD  for  the  detennination  of  the  density  and  lumi- 
nosity law  is  presented,  and  the  results  of  Kaptf-YN  and 
Seeltckr  discussed.  While,  as  the  author  notes,  the  numerical 
results  will  undoubtedlv  be  modified  later,  these  statistical  re- 
searches  have  already  advanced  our  knowledge  of  the  distribu- 
tion and  luminosity  of  the  stars  and  point  the  way  for  a  further 
extension  of  it  in  the  future. 

A  clia])ter  is  devoted  to  the  description  of  the  interesting 
phenomena  of  the  Milky  Way,  star  clusters  and  nebula;.  Atten- 
tion is  called  to  the  remarkable  distribution  with  reference  to 
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the  gaUctk  planr  of  clusterti,  ai  planetary  and  exlciidcd 
anal  of  ihc  spiral  nebulae.  Concemtng  a  5iui>jcct  about 
«o  Urtl«  is  known  a.i  ibc  spectra  of  spiral  ncbulir.  it  is 
perfaapk  not  strange  to  sec  the  statement  made  that  the  spec- 
trnm  of  the  Andromeda  nebula  contains  bright  lines.  The 
presence  of  emission  1inr<  or  bands  in  this  nebula,  according 
lu  an  observation  of  VVui.f,  has  not  been  confinned  by  other 
investigators  employing  slit  spectrographs.  That  bright  lines 
or  band*  do  occur  in  some  other  spiral  nebulie  is  well  known, 
hut  the  reviewer  who  has  observed  ihcni  h  not  ready  to  sub- 
jcrihe  to  the  statement  that  they  "are  of  the  character  of  those 
found  in  wwite  of  the  early  type  stars,  and  are  ilistinct  from  the 
Bullion  lines  of  the  gaseous  ncbulx."  The  author  regards 
with  favor,  at  Icasi  a&  a  working  hypothesis,  ihe  theory  which 
rcf^rds  these  spiral  ncbulx  as  "island  universes."  Favorable 
connderation  is  also  given  to  the  view  which  seems  to  be 
gradnally  taking  shape,  that  our  system  of  stars  is  a  great 
spiral,  aiMl  the  tentative  suggestion  is  made  that  "the  two 
streams  and  the  double  branched  spirals  arise  from  the 
cause" 

In  the  final  chapter  an  account  is  given  of  an  attempt  to  de- 
velop «  dynamical  theory  of  the  stellar  system,  based  on  the 
principle  "that  (he  stars  describe  paths  under  the  general  at- 
traction of  the  stellar  system  without  interfering  with  one 
another."  The  application  of  dynamics  to  a  system  in  which 
n  little  is  known  of  the  kinem^itical  relations,  has,  as  the 
author  admiti.  been  attendeil  with  very  little  success. 

Professor  Eoniscros  in  hi*  "Stellar  Movements  and  the 
-rructure  of  the  L'nivcrse."  has  drawn  for  us  the  general  out- 
T.c  and  form  of  the  stellar  sysiem.  adding  where  iwssible  the 
iciailii  of  the  arrangement  and  relations  of  its  members.  It  is 
.1  truly  remarkable  and  striking  picture  which  he  presents, 
■-kxiie  of  the  details  which  have  been  skelchdl  may  liter  need 
Ut  be  mfjdified  <ir  possibly  erased :  and  undoubtedly  others  will 
be  a(I(le<l.  One  cannot  resist  the  impression  that  in  some  of  its 
main  features  this  picture  is  going  to  endure. 


NOTES  FROM   PACIITC  COAST  OBSERVATORIES. 


Note  on  the  Radial  Velocities  ok  Six  Nebula  is  the 
MEGEr.LANic  Clouds. 

The  resources  of  the  D.  O.  Mills  Expedition  to  the  southern 
hemisphere  have  in  recent  months  been  applied  ahiiost  ex- 
chisively  to  the  measurement  of  velocities  of  approach  and  re- 
cession of  the  nebuUe  whose  spectra  contain  isolated  bright 
lines. 

We  have  recently  observed  the  one  planetary  nebula  known 
to  exist  in  the  Smaller  Magellanic  Cloud.  The  mean  of  three 
observed  radial  velocities  is  about  ife*"  per  second,  recession. 
This  high  velocity  would  not  in  itself  be  surprising,  for  two  or 
three  planelary  nebula?  in  the  northern  sky  have  been  found  to 
possess  still  higher  radial  velocities. 

Of  the  nineteen  bright-line  nebula  known  to  exist  in  the 
Greater  Magellanic  Cloud,  we  have  ob.served  five.  All  of 
these  have  yielded  radial  velocities  lying  between  the  limits 
250'""  and  300'"',  recession.  These  results  are  indeed  surpris- 
ing. It  is  scarcely  possible  to  doubt  That  the  one  bright-line 
nebula  cataloged  and  observed  in  the  Lesser  Magellanic  Cloud, 
and  the  nineteen  nebulK  cataloged,  and  the  five  observed,  in  the 
Greater  Magellanic  Cloud,  are  really  within  the  stnicture  of 
these  Clouds,  respectively.  There  are  no  other  known  bright- 
line  nebulas  surrounding  or  at  all  near  these  Clouds.  One  must 
go  many  degrees  toward  the  Milky  Way  before  coming  to  other 
bright-line  nebula. 

A  consideration  of  the  high  and  nearly  equal  velocities  ob- 
tained for  the  five  nebulae  in  the  Greater  Cloud  suggests  either 
that  these  nebula  are  to  some  degree  associated  with  each 
other,  traveling  thru  space  certainly  with  nearly  equal  reces- 
sional velocities  and  possibly  along  nearly  parallel  lines,  or  that 
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the  ndmbe  and  the  general  structure  of  the  Magellanic  Qoud 
am  traveling  together.  In  particular,  there  is  the  question 
the  Greater  Goud  as  a  whole  is  receding  from  the 
system  with  a  speed  approximately  equal  to  the  average 
obtenred  speed  of  the  five  nehulae.  Radial  velocity  observa- 
tions of  as  many  and  as  faint  stars  in  the  Greater  Magellanic 
Cloud  a5f  available  observing  resources  will  permit  are  ex- 
tremely desirable,  and  we  hope  to  take  up  a  limited  program 
of  obscr\'ations  of  this  kind,  probably  next  year. 

It  has  been  suggested  now  and  then  that  our  stellar  system 
if  viewed  from  an  exceedingly  great  distance  might  appear 
to  l)C  a  spiral  nebula,  and  conversely  that  the  spiral  nebula!  if 
r4>ser\ed  close  at  hand  might  be  seen  as  isolated  stellar  systems. 
The  high  apparent  velocities  of  the  Magellanic  Gouds.  especi- 
ally of  the  ( ireater  Goud.  arc  not  out  of  hamionv  with  the  idea 
that  they  have  little  or  no  connection  with  our  general  stellar 
system.  This  condition  might  incline  one  to  si)eculate  x\\H)n 
the  Magellanic  Gouds  as  bearing  some  relation  to  spiral 
nelnil;e.  chiefly  in  view  of  the  high  average  velcKities  which 
Sliphkr  has  recently  found  for  many  spirals. 

Ralph  E.  Wilson. 

S\XTi.\o\  Cnii-K,  January.  191 5, 

Note  on  Comftt  a  U)\^  (MKLLmn). 

The  first  comet  of  the  pre*^ent  year  wa<  cliscovered  by  Mr. 
JmHn  E.  Melll«5H.  of  Cottage  Grove.  Wisconsin,  on  February 
loth.  The  telegram  from  the  nar\ard  College  OU^ervaiory 
announcing  the  discover)*  was  received  here  on  Thurvlay.  I**eb. 
niar\'  i  ith.  but  clouds  preventer!  riJ>ser\-ations  until  the  follow- 
ing night.  Measures  were  ^ecure<l  on  February  12th  and  13th 
'Mount  Hamilton  timei.  and  then  •^torms  and.  later,  miftm- 
Vnihx,  made  further  mea^-ure"^  imjx>*.«'ible  until  |-"ebruary  2fAh. 

\<  *een  with  the  12-inch  telescoj*  on  February  iitU,  the 
comet  apf>eare*I  as  a  '^mall.  <li;ihtly  oval  ^ilijetl.  aU/ut  a%  l/ri;^it 
i^  a  tenth-magnitude  ^-tar.  The  nucleus  wa^  well  defined,  th/i 
m«t  >tellar.  and  mea^ure^  oi  jx^iti^/n  were  c^fnj/arative!;.  ea»'y 
to  make.  By  February-  26th  it  had  Ijecr/me  jjerc^rj/tibl)  f/ri;fhter, 
and  wa^  apparently  a  little  lar;:er. 

(  Hi  the  baM<»  of  mv  fir<  t»o  rr««i*'Ure*  an'i  ^muc  ^r*    H    ^ 
\ViLS^»x.  of  Carlet'-n  Lolle^^e  ^  Af^tT\kXoTy ,  ^  *,/rt:]ifmnkTy  oH/it 
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was  computed  at  tlie  Students'  Obsenratory,  Berkeley,  by  Pro- 
fessor Crawford  and  Miss  Jessica  Young.  This  orbit  was 
revised  when  the  observation  of  February  26th  was  availabk. 
According  to  the  improved  elements,  perhilion  passage  does 
not  occur  until  July  20th,  and  the  comet  is  approaching  die 
Earth  as  well  as  the  Sun,  and  will  therefore  increase  in  bright- 
ness very  rapidly. 

"The  closest  approach  to  the  Earth  will  be  about*  the  middle 
of  June,  when  its  distance  will  be  only  a  little  more  than 
four-tenths  of  an  astronomical  unit  [i.  e.,  about  40,000,000 
miles].  At  this  time  the  brightness  will  be  165  times  greater 
than  at  discovery.  By  the  first  of  June  the  comet  will  be  too 
far  south  to  be  seen  from  this  latitude.  It  should  be  a  very  con- 
spicuous object  for  those  south  of  the  equator  during  the  montfi 
of  June." 

The  comet  is  at  present  (March  15th)  in  the  constellation 
OphiuchuSy  about  two  degrees  south  of  the  fourth-magnitude 
star  A  Ophiuchi,  and  is  moving  eastward  and  southward.  On 
April  i8th  it  will  be  on  the  border-line  between  the  constella- 
tions Serpens  and  Sa^tum.  R.  G.  Aitken. 

March  15,  191 5. 


ABSTRACTS  FROM  ASTRONOMICAL 

PUBLICATIONS. 


CoMPARis^>N  Between  the  Distribution  of  Energy  in  the 

SrECTRrM   OF  THE   INTEGRATED  LiGHT  OF  THE  GlOBULAR 

Cluster  Messier  3  and  of  Neighboring  Stars.* 

This  investigation  is  based  on  a  spectrogram  of  the  cluster 
secured  with  a  prismatic  camera  of  uhra-violet  glass.  The 
spectrum  of  the  cluster,  together  with  those  of  the  simple  stars 
with  which  it  is  compared,  appear  upon  the  same  plate.  In 
making  the  exposure  the  plate  was  allowed  to  drift,  so  that  the 
stellar  s|)ectra  are  sensibly  broadened,  and  are  comparable  with 
that  of  the  cluster. 

Tlie  comparisons  were  made  by  means  of  a  Hartmann  micro- 
photometer,  and  the  values  of  the  density  steps  were  determined 
from  an  objective  grating  plate  by  the  well-known  method  of 
Hektzsprlng. 

The  observations,  being  photographic,  are  practically  limited 
to  that  part  of  the  spectrum  to  the  violet  of  5000  A ;  they  are 
supp1emcnte<l.  however,  by  visual  estimates  of  the  difference 
in  magnitude  between  the  cluster  and  one  of  the  comparison 
stars,  the  author  assuming  that  the  visual  measures  correspond 
to  an  effective  wave-length  of  5600  A.  The  differences  in  mag- 
nitude, in  the  sense  cluster-star,  for  three  wave-lengths  are 
exhibited  in  the  following  table,  based  on  a  comparison  of  the 
cluster  with  four  different  stars : 

SUr -^  27'22SS  -j-   i$^2IS9  -\-   2$'22S4  -^29*2249 

Spectnim  .  .   .         F,  A^  F,  K, 

L^rfc     P^Jim    1    ••       ^'^  «'5  7.2S  6.J7 

37^1  A     +0.14  mag.  — 0.03  mag.  -r  i.oi  mag.  — 0.22  mag. 

45.^5         -I-  0.09  —0.09  -f-  0.96  -f  1.14 

yoo        —0.63  —0.64  -fo.33  -f  1.13 

.\ccording  to  Fath.  the  spectrum  of  the  star-cluster  under 
ainsi<leration  lies  between  A  and  G. 

A  remarkable  feature  of  the  cluster  Messier  3  is  exhibited  in 
the  table  here  reproduced,  and  also  in  the  intensity  curves  which 
illustrate  the  paper.    To  the  violet  of  4555  A  the  light  curve 

*Bf  E.  HtaTttrmviic.  Attropkyticai  Jourmai.  41.  lo.  1915. 
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of  the  cluster  closely  approximates  that  of  first  three  (early 
type)  stars,  while  in  the  yellow  the  cluster  is  much  stronger. 
The  color  index  of  the  cluster  seems  to  be  somewhat  greater 
than  that  of  a  star  of  the  same  spectral  class.  This  appears  to 
be  a  characteristic  of  the  spectra  of  such  clusters  as  have  been 
observed. 

What  strikes  the  reviewer  as  a  weak  point  in  such  com- 
parisons is  the  insufficiency  of  our  knowledge  of  the  so-called 
spectral  class  of  the  clusters,  and  indeed  Professor  Hertz- 
sprung  remarks  that  the  differences  in  relative  intensity  to 
which  attention  has  been  called,  in  the  case  of  Messier  3,  may 
be  due  to  the  possibly  composite  character  of  the  integrated 
spectrum  of  the  cluster.  In  addition  he  truly  remarks  that  "in 
questions  bearing  on  selective  extinction  of  light  in  space  the 
spectral  class  on  one  side  and  the  distribution  of  energy  on  the 
other  should  at  least  be  derived  from  an  examination  of  the 
same  region  of  the  spectrum." 

As  the  result  of  some  experience  in  the  observation  of  faint 
spectra  the  reviewer  not  only  agrees  with  the  view  here  ex- 
pressed, but  is  inclined  to  go  further.  Clusters  are.  in  general, 
so  faint  that,  except  in  a  few  instances,  our  knowledge  of  the 
so-called  spectral  class  of  one  of  these  objects  rests  upon  ob- 
scivalions  of  its  integrated  light  made  with  spectroscopes  of 
very  weak  dispersion.  While  such  instalments  as  these  may 
well  serve  to  place  the  class  of  a  simple  spectrum,  the  sp>ectrum 
that  is  of  a  single  star,  the  determination  of  the  prevailing  class 
of  a  group  of  many  stars  is  an  accomplishment  of  an  entirely 
different  order  and  one  beyond  their  power.  On  account  of 
the  great  breadth  of  the  hydrogen  and  other  lines  in  the  spectra 
of  the  so-called  early  stars,  together  with  the  relatively  great 
strength  of  these  spectra  in  the  violet,  the  tendency  would 
always  be  to  place  the  sj)ectrum  of  a  mixed  cluster  too  early, 
while  the  effect  of  the  older  stars  in  strengthening  the  yellow 
would  l>e  fully  felt.  It  is  very  doubtful  whether,  with  weak 
instruments,  the  matter  would  be  improved  by  extending  the 
observations  for  class  over  the  visible  part  of  the  spectrum, 
since  here  the  lines  which  are  characteristic  of  the  relatively  old 
stars,  say  of  Classes  G  or  K,  are  comparatively  narrow,  and 
with  low  dispersion,  to  say  nothing  of  the  disturbing  influence 
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of  $tip)eriinposed  spectra,  would  not  record.  The  reviewer  is 
therefore  inclined  to  doubt  the  value  of  any  assignment  of 
cUss  to  the  spectrum  of  a  cluster,  where  such  assignment  is 
made  on  the  basis  of  the  integrated  light  of  the  object.  Our 
only  reliable  guide  in  such  matters  seems  to  lie  in  observations 
of  the  character  of  those  of  Pease,  already  referred  to,  of  the 
spectra  of  individual  stars,  but  unfortunately  such  observations 
are  always  difficult,  and  in  many  cases  impossible,  on  account 
of  the  faintness  of  the  objects.*  W.  H.  Wright. 

March.  1915. 


Spheric.\l  Aberil\tion  in  Astronomical  Objectives  Due 

TO  Changes  of  Temperature.- 

The  30-inch  objective  of  the  Thaw  photographic  refractor 
for  the  Alleghany  .Observatory  was  completed  last  summer  by 
the  John  A.  Brashear  Company,  and  installed  in  the  tube 
and  dome  which  had  long  been  awaiting  it.  In  the  tests 
made  in  the  optical  shop,  where  the  temperature  conditions 
are  under  full  control,  the  objective  gave  almost  perfect  defini- 
tion,  indicating  that  the  glass  in  the  lenses  is  of  unusual  ex- 
cellence. The  Thaw  telescope  has  been  in  systematic  use  since 
last  September. 

When  the  objective  was  first  tested  in  the  telescope,  by  means 
of  stellar  images,  it  was  found  that  the  focal  lengths  of  the 
outer  zones  were  shorter  than  for  the  central  and  intermediate 
zones.  Repeated  tests  showed  that  the  amount  of  this  aberra- 
tion varied  from  night  to  night  and  even  in  the  course  of  a 
single  night.  Professor  Schlesinger's  analysis  of  the  ob- 
served data  indicated  that  the  aberration  is  the  effect  of  tem- 
perature and  that  it  is  greater  when  the  temperature  is  falling 
rapidly,  as  for  example,  during  the  early  hours  of  the  night. 
He  has  devised  interesting  means  for  removing  this  temperature 
effect.  The  objective  end  of  the  telescope  is  enclosed  during 
the  dav-time  bv  a  metallic  cover  which  acts  as  a  kind  of  tem- 


*  Mr.  PiAfts  bat  Dhotojp-aphcd  the  »p«ctrm  of  nineteen  separate  stars  in  the 
rhisirr  in  HtrcnUs.  Mtitier  ij.  He  finds  all  classes  from  A  to  G.  Class  Fs  being 
the  awMt  Qomeroas. — Annmai  Report  of  the  Director  of  the  Mount  H'ilsom  Soior 
OhMerx-^tory,    191 JU  P>  '19- 

'  Abwfract  of  rrofessor  Schluixcbi's  article  in  Proceedings  of  Ike  Xationsi 
Ai-ndemy  mf  Sciences,  Vol.  I,  No.  1. 
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perature  case.  This  device  maintains  thruout  the  day  sub- 
stantially the  same  temperatures  in  front  of  and  behind  the  ob- 
jective. This  covering  is  removed  about  an  hour  before  observ- 
ing begins  in  the  evening,  and  at  the  same  time  a  small  electric 
fan,  mounted  near  the  upper  end  of  the  telescope  tube>  is 
caused  to  blow  a  continuous  current  of  air  into  the  tube  thru 
a  lar^e  vent  just  below  the  rear  surface  of  the  objective.  Two 
other  similarly  placed  vents  permit  the  air  to  escape  from  the 
tube.  The  effect  is  to  cool  the  rear  surface  of  the  objective 
about  as  rapidly  as  the  front  surface  is  cooled  by  natural  cir- 
culation of  the  air. 

The  front  lens  (flint)  is  separated  from  the  rear  lens  (crown) 
by  nearly  half  an  inch.  The  metal  cell  which  holds  tlie  two 
lenses  in  place  is  pierced  by  half  a  dozen  holes  one-half  inch  in 
diameter,  at  the  edge  of  the  air  space  which  separates  the  two 
lenses.  These  permit  the  air  to  circulate  between  the  two 
lenses. 

The  ventilating  fan  is  placed  in  the  circuit  with  the  elect*^c 
lights  which  illuminate  the  setting  circles  of  the  telescope. 
The  observer  naturally  turns  these  lights  on  at  the  close  oi 
each  photographic  observation,  for  the  purpose  of  finding  the 
next  object,  and  turns  them  off  after  the  second  object  has 
been  found.  The  fan  is  therefore  in  operation  between  suc- 
cessive exposures,  thruout  the  night. 

When  the  night's  work  is  over  the  objective  is  covered  with 
the  metal  temperature  covering,  and  the  three  large  and  the 
three  small  openings  in  the  tube  are  closed. 

These  devices  have  removed  the  aberrations  due  to  differ- 
ences of  temperature  in  the  lenses.  When  the  temperature  of 
the  lenses  and  surrounding  atmosphere  is  uniform,  the  figure 
of  the  objective  as  tested  upon  the  stars  has  been  found  to  be 
excellent.  W.  W.  Campbell. 


A  Faint  Star  with  Lu\rge  Proper  Motion. 

■ 

In  Astronomische  Nadirichten.  4775,  Professor  Max  Wolf 
gives  an  account  of  a  star  of  the  thirteenth  magnitude  (R,  A. 
1875.0  =  2^  6"*  54."o;  Decl.  +  15°  24^4),  which  has  an  annual 
proper  motion  of  about  +  i."i  in  right  ascension,  the  motion  in 
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other  coronal  radiations,  seems  to  be  connected  with  the  state 
of  solar  activity  at  the  time  of  eclipses. 

M.  Selga,  S.  J. 
Mount  Hamilton,  January  25,  1915. 


Spectrum  Differences  and  Absolute  Magnitudes. 

A  recent  investigation  by  Mr.  W.  S.  Adams,  of  Mount  Wil- 
son, has  shown  that  the  intensity  of  the  violet  region  relative 
to  the  red  region  is  less  in  spectra  of  stars  of  small  proper 
motion  than  in  stars  of  large  proper  motion.  This  may  be  due  to 
absorption  in  space  or  to  difference  in  luminosity  or  absolute 
magnitude.  In  further  study  ^  he  has  derived  evidence  that 
spectral  differences  are  due  to  stellar  atmospheres  and  are  pos- 
sible criteria  of  absolute  magnitude.  Two  groups  of  stars 
are  investigated,  one  of  small  proper  motions  and  one  of  large 
proper  motions,  each  containing  stars  of  the  several  classes 
from  F  to  K.  Two  facts  are  immediately  evident :  The  violet 
region  is  relatively  weaker  in  the  small  proper-motion  stars, 
and  the  difference  increases  with  spectral  class.  The  hydrogen 
lines  are  unusually  strong  in  the  small  proper-motion  stars  and 
certain  metallic  lines  systematically  differ  in  intensity  in  the 
two  groups  of  stars.  The  relative  intensities  of  the  violet  and 
red  regions  were  determined  by  comparisons  under  the  Hart- 
mann  spectrocomparator  with  a  series  of  different  exposures 
on  a  Tauri,  and  all  estimates  for  all  the  plates  were  reduced  to 
a  uniform  series  of  densities.  Since  the  difference  between  the 
violet  and  red  increases  with  the  ty|>e,  and  the  ratio  of  the 
proper  motions,  assumed  to  indicate  the  ratio  of  distances,  is 
nearly  the  same  for  each  ty])e,  therefore  more  or  less  of  the 
violet  absorption  must  be  due  to  stellar  atmospheres.  If  the 
unusual  strength  of  the  hydrogen  lines  were  due  to  hydrogen 
in  s})ace,  the  radial  velocities  from  the  hydrogen  lines  would 
differ  from  those  given  by  metallic  lines.  But  practically  no 
difference  is  found,  so  that  the  hydrogen  absorption  must  be 
in  the  stellar  atmospheres. 

A  relation  between  changes  in  the  line  intensities  and  the 
absolute  magnitudes  is  next  sought  for.     Pairs  of  lines  were 

^  Astruphysiral  Jnurnal.  60,   385,    1914. 
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scfccted,  usuaHy  a  hydrogen  and  a  metallic  line,  and  their 
rtbttve  intensities  estimated  on  an  arbitrar>'  scale  after  the 
manner  of   the   Argelander   step-method    for   variable   stars. 
After  classifxnng  the  stars  by  the  changes  found,  normal  cur\'es 
/W  each  pair  of  lines  were  formed  for  each  spectral  class.    The 
residuals  from  these  curves  were  averaged  for  two  groups  of 
ftars.  those  of  low  absolute  magnitude  and  those  of  high  abso- 
lute magnitude,  these  magnitudes  being  determined  from  the 
known  parallaxes  or  from  proper  motion  by  means  of  Kap- 
tevn's  formula.     Linear  relations  were  then  derived  between 
these  mean  residuals  and  the  absolute  magnitude : 

For  Classes  F8-G6,    M  =  -f  56  —  1.6D. 
For  Classes  G6-Kg,    M  = -f  68— 1.8D. 

Use  relation  is  thus  practically  the  same  for  all  of  the  spectral 
classes.  The  magnitudes  derived  with  these  fonnulae  agree 
well  with  those  derived  from  parallax  or  proper  motion,  the 
mean  difference  being  only  one  and  a  half  magnitudes.  Spec- 
trum differences  therefore  may  possibly  lead  to  determinations 
of  absolute  magnitudes.  G.  F.  Paddock. 


Ax  Apparent  Peculiarity  in  the  Distribution  of  Periods 

Among  Spectroscopic  Binaries. 

\\  the  Observatory  of  Lund  a  catalog  of  statistics  of  spectro- 
scopic binaries   has  been  compiled.*      It   includes  about   440 
binaries.    The  periods  of  88  are  known  and  also  of  16  binaries 
"f  the  tCephei  class.     These  88  binaries  have  been  divided 
into  groups  of  Gass  B,  Class  A.  classes  V  to  K,  and  Class  M. 
The  distribution  in  each  group  with  respect  to  the  logarithm 
^i  the  pericnl  shows  a  division  of  the  binaries  into  two  groups 
•»f  different  order  of  period :    in  other  words,  the  frequency 
curves  of  each  spectral  group  and  of  all  combiiHHl  show  two 
naxima.     Even  tho  the  number  of  binaries  is  small  aiul  prob- 
ably insufficient,  the  possibility  of  accounting  for  this  apparent 
mMence  of  two  orders  of  period  is  discussed. 

•  MrdddAnde  frmm  Lands  Astronomiska  Ohserx  atoriutn,  No.  63,    roi4. 
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From  the  relation  between  the  period,  the  semi-major  axis, 

and  the  total  mass,  P  =  ^r^,  it  is  seen  that  the  two  orders  of 

period  might  be  accounted  for  by  two  orders  of  mass,  or  two 
orders  of  semi-major  axis,  or  two  orders  of  age  of  the  systems, 
if  the  semi-major  axis  increases  with  time  as  suggested  by 
Darwin.  It  is  not  likely  that  two  orders  of  age  would  explain 
the  two  orders  of  period  in  all  the  spectral  classes  separately. 
It  is  quite  possible  that  there  exist  two  orders  of  mass ;  altho 
the  Cepheids  which  are  thot  to  have  small  mass  fall  in  the 
short  period  group,  and  the  systems  of  longest  periods  have 
large  amplitude  of  radial  velocity,  which  is  inconsistent  with 
the  relation  M  : :  K^P,  which  indicates  that  the  amplitude  K 
must  be  small  in  case  of  small  mass.  It  is  possible  that  two 
orders  of  mass  would  cause  an  analogous  division  of  luminos- 
ities or  of  densities.  A  table  of  the  frequencies  of  absolute 
magnitudes  of  these  binaries  based  upon  Kapteyn's  list  of 
parallaxes  shows,  however,  that  there  is  no  division  into  two 
orders  of  magnitude.  A  table  of  frequencies  of  periods  and 
the  densities  as  published  by  Shapley  ^  for  eclipsing  variables, 
shows  a  slight  indication  of  double  grouping,  that  is.  the  long- 
period  systems  have  small  density.  If  this  grouping  is  actual 
and  if  low  density  corresponds  to  small  mass,  this  result  favors 
the  hypothesis  of  two  orders  of  mass.  But  in  eclipsing  sys- 
tems, es])ccially  those  with  large  orbits,  the  components  must 
have  large  size  or  volume  and  tho  the  density  be  small,  the 
mass  may  still  Ixi  great.  Hence  the  data  of  eclipsing  systems 
does  not  necessarily  sup|K)rt  the  hypothesis  of  two  orders  of 
mass.  In  fact,  there  seems  to  be  no  real  support  for  that 
hypothesis. 

The  remaining  hypothesis  of  two  orders  of  semi-major  axis 
has  the  following  point  in  its  favor :  Since  the  eccentricity  in- 
creases with  the  period  and  the  semi-major  axis,  there  may 
exist  two  orders  of  eccentricity.  A  table  of  frequency  of 
j)criods  and  eccentricities  gives  an  indication  of  two  orders  or 
at  least  a  discontinuity  in  the  order  of  eccentricity.  This  evi- 
(lencc  gives  strong  sup])ort  to  the  hy]K)thesis  of  two  orders  of 
semi-major  axis.  Kx])lanation  of  it  is  not  attempted,  but  it 
suggests  two  ])rincij)les  of  generation,  such  as  partition  of  mass 

^  .Islrof^hysical  Jntirnal  3><,    158,    1913. 
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prriodt  and  capture  of  bodm  in  the  caic  of  long 


9  «u.>«  .    flt    mtiM  mil  Iw   fofKciClrti  thai   with  an  itKrca«in|C 
c-4   crwnfwtcd  binary  orhit%  the  };rcHi|Nni;  ami  ilivuHWi 
run-rt  nuy  (hfta|»|irar. 

<i.  F.  Pawwkk. 


'•M    lUs  «t9i»%    KrT«rj:%{    l*rfei««i«i   anh   Kn  r%'f*i<  iTirjt  iw 

Srr.rraf iM  iirir  MiK\feirji. 

lAr*  *  h^T^r^r^'  mtrrval  •incc  l>r  S4  iiijr.Hi%{fjrB'ii  fliicu«- 
mm  t«  •if«nr«iarvi|«c  hiiuno  m  l«iio.'  Mr.  I*'  (*  JciaiiJW.  of 
kt  *  larc^haiiv  <  tMcrvatory.  hai  collrctnl  all  %|irrtnHr(j|iic 
1  -v^fftt  for  a  MTuml  invr«tt|:ati«i  of  thrir  periodt  ami 
•w^w*  •  At  the  former  tinir  tlirrr  were  v>  ortwt*.  rx* 
^HdnK  '  c^^irtil  «analilr«.  while  miw  there  are  Kj  orlHt«.exrlu<l- 
i^f  ^Wlmt  '•i  btnjine«  nf  the  l(  rfhn  rL.i«%  'Fin*  refire«ent«  an 
,^  e.i  fn  |«T  cent  in  the  niinilier  nf  |i«itih«he«l  ortiitt  ami 
*  gmmgi  Mlea  of  the  increa«tri|;  interest  ami  %tti«lir  of 
■e^car  tanane*  Mr  J<>«ii\\  Ua%  divulevl  the  Kj  •%%- 
w*'    *^e.     f  «r  ttvetral  i*r<tii|»«.  «'finlaintn(;  rr«fwrtiveU  tla%«e« 

.    .  •  -  >•  «i|  j*T»-  •!    ihr  rj'-;;!-  ■  ■!  u  I".  .  h  f.  r  !hr  ••!•  .  c  »:^r 
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of  eccentricity,  mentioned  in  the  preceding  note,  on  the  apparent 
two  orders  of  periods  among  spectroscopic  binaries  is  thus 
well  supported.  G.  F.  Pamxkk. 


On  Professor  Turner's  Theory  of  a  Sun-Spot  Swarm  of 
Meteors  Associated  with  Leonids:   R.  A.  Sampson. 

About  a  year  ago  *  I  gave  an  abstract  of  Professor  H.  H. 
Turner's  novel  theory  to  account  for  the  sun-spots  and  the 
changes  in  their  periodicity  and  noted  that  no  critical  comment 
on  the  theory  had  been  published.  Such  a  critical  review  is 
now  given  by  Professor  Sampson  under  the  title  quoted  above.' 

The  first  point  advanced  against  the  theory  is  that  it  would 
require  us  to  attribute  an  improbable  mass  to  the  Leonids. 
On  the  assumption  that  the  Leonids  have  a  mass  three  times 
that  of  the  Earth,  it  is  shown  that  an  "encounter"  with  a  meteor 
swarm  like  the  SSS  (sun-spot  swarm)  at  the  distance  of 
Saturn  from  the  Sun  would  produce  changes  in  the  revolution 
period  of  the  latter  of  the  order  of  1/10,000,  whereas  Turner's 
theory  requires  changes  of  the  order  of  i/io.  To  bring  these 
fractions  to  equality  would  require  *a  vast  increase  in  the  mass 
of  the  Leonids. 

The  second  i>oint  of  attack  is  directed  upon  "the  encounter 
which  the  theory  requires  of  Saturn  with  the  Leonids  at  inter- 
vals of  9  revolutions  of  the  former  and  8  of  the  latter,  that 
is  to  say,  about  266  years."  Professor  Sampson  bases  his 
argument  on  a  comparison  of  the  best  known  orbit  of  the 
Leonid  swarm  and  that  of  Saturn  and  concludes  that  there  is 
no  valid  evidence  of  such  encounters. 

A  most  interesting  feature  of  Pn^fessor  Samp.son's  investi- 
gation relates  to  the  date  commonly  assii^ned  in  text-books  for 
the  introduction  of  the  Leonids  themselves  into  our  system  by 
the  action  of  the  planet  Uranus.  This  date  is  given  as  A.  D. 
126,  upon  the  authority  of  Levkrrikr.  It  apf)ears  that  Lever- 
rikk'.s  work  is  not  conclusive  and  that  it  is  far  more  probable 
that  the  Leonids  were  thrown  into  their  i)resent  orbit  by  the 
action  of  ihanus  alx)ut  .\.  D.  885.     The  fact  that  the  first 

'Set'  tlicsi-  Publications  2«.   i  lo.   1914. 
2  .Moil.   Not.   K.  A.  S.  7.%,  8j.   1914- 
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Lr-nkl  shower  of  which  wc  have  well  attested  records  rxcurred 

:n  A  D.  002.  lends  strong  suppon  to  this  conclusion.     Profes- 

NiF  S\MP>-»N  draws  particular  attention  to  this  ^joint,  as  an 

:!;U'i>trati*:«n  of  the  danger  of  acceptinjj  a  lheor\-  simply  "upon 

*>ht  credit  of  a  name/* 

It  >h«-<uVl  be  added  that  in  the  following  number  of  the 
J/.n/A.';  Soticcs/  Prc'fesjor  Ti'Rner  replies  to  Profesfor 
>AMF«*»x*>  criikisTn  of  his  lheor\\  His  argument,  briefly,  is 
that  the  latter  "has  orrittefi  to  lake  anv  account  of  the  differ- 
cTKc  between  a  small  compact  planet  and  a  lar^^e  extended 
meteor-* warm."  He  thinks  that  such  an  extende«i  ^warm 
cr4iM  produce  the  perturbations  in  the  SSS  cal-ed  ior  by  his 
theory-  wiih«:^l  assigning  to  it  any  imprctoble  mass. 

.V  irw  Profesf-c^"  Savp^'N's  second  p'-^ini.  he  argue*'  that 
the  I^etmids  we  knc*w  may  be  aaly  a  sma^l  jan  of  the  whole 
<wa!Tn ;  that  the  mam  swarm  rr^iv  have  a  slightjy  <iiffemrt 
orbit  which  w^juld  meet  the  ccodnkcrs  rrrr^Kf^i  b>  his  theory. 
an*L  further,  that  the  -r^o  :*f  :ht  I.e*:c:iis.  :n  genera".  :•  tsA 
nearly  <•»  well  kru'wr.  a*  :'r^:t*ss.«r  S»wpv  v  a^-srrrie-  :t  to  be. 
He  ad«i>.  "I  am  well  aware  that  this  i*  <.«ni\  ske^Lching  ;x^-> 
btlitics  ini^cad  of  ie<h-^  thcr*.  anc  that  ^^n  ?ke:rh«  as  I 
hare  given  carr*-  whi:  uicrr.  rcs.^c«3s-i Vrir.ies  to  the  d:«:harge 
oi  which  Dodnng  ha-  ye^  bce:r;  <koe.~  His  coffKl'^cinir  para- 
graph give*  the  reocrri^    •:  fsnhcr  wcrk  cpcc!  the  prc^'jcrti. 

R.  G   Kz^Khs 
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GENERAL  NOTES. 


The  March,  191 5,  number  of  the  Papular  Science  Monthly 
should  prove  of  special  interest  to  Western  readers,  in  that  it  is 
entitled  the  "Pacific  Coast  Number,"  and  is  devoted  entirely 
to  articles  in  the  various  fields  of  scentific  activity  on  Pacific 
Coast  problems.  Our  members  will  find  of  particular  interest  i 
well-written  and  interesting  article  which  heads  the  number,— 
"Astronomy  on  the  Pacific  Coast,"  by  Professor  R.  T.  Craw- 
ford. Other  papers  of  more  than  usual  interest  are  "The  Vol- 
canic Activity  of  Lassen  Peak,  California,"  dealing  with  the 
recent  eruptions,  by  Professor  R.  S.  Holway,  and  "The  Last 
Wild  Tribe  of  California,"  by  Professor  T.  T.  Waterman, 
treating  of  Ishi,  the  last  of  the  Yana  Indians,  whose  "dis- 
covery" in  191 1  created  such  a  furore  among  anthropologists. 


A  Second  Harvard  Map  of  the  Sky, — As  is  well  known,  the 
Harvard  College  Observatory  published  several  years  ago  a 
map  of  the  entire  sky,  composed  of  photographic  prints  taken 
from  negatives  made  at  Cambridge  and  Arequipa  with  lenses 
of  one  inch  aperture.  Each  chart  was  eight  by  ten  inches  in 
size,  covered  an  area  of  30°  square,  and  the  entire  sky  was 
covered  by  only  fifty-five  such  charts.  The  limiting  magnitude 
was  about  11.5,  and  the  total  number  of  stars  shown  on  the 
prints  was  about  1,683,000.  In  Circular  No.  185  it  is  an- 
nounced that  a  second  series  of  similar  charts  is  to  be  pub- 
lished ;  in  this  set,  however,  the  centers  of  the  plates  coincide 
with  the  corners  of  the  plates  of  the  first  series,  it  having  been 
found  that  many  fainter  stars  did  not  show  at  the  corners  of 
the  large  field  employed  because  of  distortion.  The  new  set 
will  be  issued  at  a  price  of  $15. 


At  the  annual  meeting  of  the  Royal  Astronomical  Society, 
of  London,  a  motion  in  favor  of  admitting  women  to  member- 
ship was  adopted  by  a  nearly  unanimous  vote.    It  is  stated  in 
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Xaturc  that  a  supplementary  charter  will  now  be  applied  for  to 
permit  this  resolution  to  be  put  into  effect. 


Amonj^  recent  medal  awards  to  astronomers  is  that  of  the 
Rumford  Medal  of  the  American  Academy  of  Science  (Bos- 
ton) to  Professor  Joel  Stebbins,  for  his  application  of  the 
selenium  cell  to  the  study  of  light  variations  in  stars ;  and  that 
of  the  Gold  Medal  of  the  Royal  Astronomical  Society  to  Pro- 
fessor Alfred  Fowler  for  his  spectroscopic  researches. 


We  regret  to  record  the  death,  on  January  24,  1915,  of  Dr. 
Arthur  Auwers,  at  the  age  of  76.  I>r.  Auwers.  for  many 
vcars  before  his  death,  was  known  as  one  of  the  foremost 
astronomers  of  his  generation,  and  was  accorded  many  honors. 
He  was  the  second  Bruce  Medalist  of  our  Society,  receiving 
the  award  in  1899.  A  brief  account  of  his  work  to  that  date 
will  be  found  in  Xo.  67  of  these  Publications.* 


Observers  interested  in  watching  for  meteors  and  in  record- 
ing their  paths  will  find  a  convenient  set  of  star  maps  in  the 
current  number  of  the  Journal  of  the  Royal  Astronomical  So- 
ciety of  Canada.'  The  maps,  constnicted  by  Dr.  Reynold  K. 
You  NT.,  of  the  Dominion  Observatory,  are  on  the  gnomic  or 
central  projection,  so  that  great  circles  of  the  celestial  sphere 
appear  as  straight  lines  on  the  maps,  and  cover  the  sky  from 
the  Xorth  Pole  to  —  jo°  declination. 


Since  its  beginning,  in  1907,  the  Journal  of  the  Royal  Astro- 
nomical Society  of  Canada,  has  l)een  published  as  a  bi-monthly, 
but,  in  the  November-December,  1914,  number.  Dr.  C.  A. 
Chant,  the  editor,  announced  that  in  future  it  would  appear 
monthly,  omitting,  however,  two  summer  months.  The  change, 
affording  more  frequent  and  prompt  publication,  is  of  obvi- 
ous advantage,  and  it  is  to  be  hoped  that  the  plan  will  prove  a 
success. 


*  11.  61.  1899. 

•».  7.    I9M. 


I02  Publications  of  the 

M.  Robert  Jonckheere,  Director  of  the  Observatory  of 
the  University  of  Lille,  France,  is  at  present  at  the  Royal  Ob- 
servatory, Greenwich,  England,  and  requests  that  publications 
intended  for  him  be  sent  to  this  address. 


Note  on  the  International  Latitude  Senncc. — From  a  letter 
recently  received  from  Dr.  Albrecht,  of  the  International 
Geodetic  Association  at  Potsdam,  it  is  learned  that  notwith- 
standing the  war,  observations  for  variation  of  latitude  will 
be  continued  during  the  year  1915  at  all  of  the  stations  except 
Gaithersburg,  Md. 

The  observation  books  from  Japan,  Dr.  Albrecht  says, 
have  thus  far  been  received  regularly.  There  is  an  interrup- 
tion in  the  receipt  of  the  books  from  Tschardjui,  but  not  in  the 
series  of  observations. 

It  is  gratifying  to  know  that  the  warring  nations  can  still 
co-operate  to  some  extent  at  least  in  scientific  work. — ].  G. 
Porter  (in  Popular  Astronomy,  March,  1915). 
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AflMTES  (►F  THE  MeKTINC.  OF  THE  BoARI)  OF  DIRECTORS  OF  THE 

Astronomical  Sckiety  of  the  Pacific,  held  at 

Chabot  Observatory,  on  Saturday, 

March  27,  191 5,  at  7:30  p.  m. 

There  were  pre:>ent  President  Aitken  and  Directors  Bcrckhalto^ 
Cmta.  Gxnuh  and  Richardson. 

The  following  were  elected  memliers  of  the  Society: 

Rev.  Clarence  E.  Woodman,  Sc.D.,  Ph.D..  Litt.D.,  LL.D. 
Mr.  Karl  C.  Linsley. 
Mr.  A.  T.  BoLFiNG. 

After  some  remarks  by  the  President  relative  to  the  participation  of 
iJic  Society  in  a  joint  session  with  the  American  Astronomical  Society 
in  thi»  city,  in  August  next,  a  resolution  was  passed,  placing  full  power 
in  the  hands  of  the  President  to  make  such  arrangements  and  prepare 
»uch  programs  as  he  judged  proper. 

Adjourned. 

D.  S.  Richardson, 

Secretary. 


Minttes  of  the  Meetinc;  of  the  Astronomical  Society  of 

THE  P.XCIFIC.  held  AT  ClIABOT  ObSERV.VTORY,  ()aKL.\NI), 

on  Saturday,  March  27,  1915.  at  8:00  p.  m. 

The  co^y  little  Assembly  Hall  of  the  Chabot  Observatory  was  placed 
at  the  di>iH>^ition  of  the  S<Kicty  for  this  meeting,  through  the  courtesy 
of  the  Oakland  School  Department,  and  a  small  but  very  attentive  audi- 
ence gathered  to  hear  Dr.  R.  G.  Aitken's  lecture  on  "Star  Clusters." 
The  subject  was  beautifully  illustrated  and  deftly  handled  l>y  the  speak- 
er. !han  whom  it  were  hard  to  find  a  scientist  who  can  get  closer  to  the 
minds  and  sympathies  of  a  layman's  audience. 

Mr  CiiARL»:5  Bi'RCKH ALTER  prefaced  the  lecture  of  the  evening  by  a 
rep«'n  tMi  the  progress  of  his  new  observatory  and  twenty-inch  glass,  and 
all  friends  of  the  science  will  t)e  glad  to  know  that  the  Schofil  r>cpart- 
mcnt  t>{  the  city  of  Oakland  will  have  a  fully  equipped  astronomical  de- 
(lartmeiit  in  full  working  onler  within  the  coming  year. 

D.  S.  Richarmon, 

Secretary. 
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ASTRONOMICAL  EXHIBITS  AT  THE  EXTOSITIOX. 


By  Heber  D.  Curtis. 


Those  intcrcste<!  in  astronomical  science  will  find  a  number 
of  ver)*  interesting  displays  at  the  Panama- Pacific  International 
Exposition.  The  piece  dc  resistance  is  doubtless  the  20-inch 
Cfjualorial  for  the  Chabot  Obser\atory,  exhibited  by  Warner 
&  SwASEY  in  one  of  the  main  aisles  of  the  Liberal  .\rts  Build- 
in;^.  ITiis  is  a  beautiful  piece  of  work  and  attracts  a  p^ood  deal 
of  attention. 

The  design  of  this  telescope  is  on  the  same  general  lines  as 
the  well-known  larger  instruments  of  this  firm.  A  ball  thnist 
at  the  lower,  and  a  live  ring  of  steel  rolls  at  the  upper  end  of 
the  polar  axis  relieve  the  friction  of  this  portion  of  the  in- 
strument :  the  slow  motion  in  right  ascension  is  of  the  sector 
type  as  in  all  of  the  recent  instalments  made  by  this  firm. 
This  motion  on  the  36-inch  refractor  of  the  Lick  Observator>' 
is  connected  with  the  polar  axis  gearing  so  as  to  furnish  a  slow 
motion  which  is  continuous  and  never  **nins  out :"  with  the 
<ector  type  the  necessity  will  occasionally  arise  to  run  the 
MXtor  back  to  a  middle  position,  but  this  drawback  is  more 
than  counterbalanced  by  the  greater  cheapness,  simplicity,  and 
freeilom  from  backlash  given  by  the  sector  type  of  motion. 
iVmtact  rings  are  built  into  the  instrument  on  both  the  |X)lar 
and  declination  axes  to  carry  the  illumination  currents:  the 
clock  mav  be  wound  either  bv  a  small  electric  motor  or  bv 
hantl.  and  a  clever  arrangement  of  planet  gears  makes  it  |X)s- 
Mblc  to  use  either  method  without  making  any  changes  what- 
ever. The  telescope  is  equipped  with  two  finders  and  with 
right -ascension  setting  circles  mounted  on  the  front  of  the 
f>ier.  with  a  hand  wheel  for  moving  in  right  ascension.     The 
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driving  clock  is  of  the  usual  type,  provided  with  a  very  dever 
and  compact  device  for  giving  either  sidereal  or  lunar  rate. 
The  telescope  is  provided  with  the  traditional  finely  divided 
silver  circles  as  well  as  the  coarser  setting  circles  which  are 
all  that  are  ever  used  in  practice.  The  fine  circles  arc  em- 
ployed solely,  now-a-days,  to  get  the  accurate  adjustment  of 
the  axes  when  the  instrument  is  first  set  up,  and  after  that  are 
forgotten.  Since  the  36-inch  refractor  was  erected  I  believe 
that  the  only  time  these  fine  circles  have  been  really  used  was 
after  the  earthquake,  to  test  whether  the  instrument  was  still 
in  adjustment.  All  the  necessary  adjustments  of  an  equatorial 
can  be  quickly  made  by  photographs  of  the  pole ;  several  large 
reflectors,  among  them  the  Crossley  and  the  37-inch  Milk 
reflector  at  Santiago,  are  totally  unprovided  with  fine  circles, 
and  the  same  is  true  of  the  30-inch  photographic  refractor  of 
the  Allegheny  Observatory.  The  cost  of  finely  divided  circles 
is  high,  and  one  questions  whether  it  would  not  be  better  to 
depend  entirely  on  photographic  methods  for  adjusting  die 
polar  axis  and  put  the  money  thus  saved  into  subsidiary  ap- 
paratus. 

Warner  &  Svvasey  also  exhibit  a  fine  9-inch  equatorial,  and 
a  4-inch  combined  transit  and  zenith  telescope  with  a  number 
of  interesting  points.  This  instrument  is  provided  with  two 
latitude  levels,  one  of  which  is  attached  permanently  to  the 
latitude  vernier.  The  striding  level  is  left  permanently  in 
place,  with  a  device  for  relieving  the  pivots  from  its  weight 
when  not  in  use.  They  exhibit  also  a  2-inch  altazimuth  whose 
microscopes  are  provided  with  four  filar  micrometers;  the 
circles  and  the  latitude  and  striding  levels  read  to  one  second 
of  arc.  A  chronograph  of  standard  pattern  is  shown,  and  the 
micrometer  of  the  20-inch  equatorial.  This  micrometer  is  pro- 
vided with  two  rapid  motions  in  position-angle  of  the  milled 
head  and  pinion  type :  one  motion  has  twice  the  speed  of  the 
other.  Photographs  of  the  main  instruments  made  by  this  firm 
are  attractively  displayed,  as  well  as  drawings  of  the  great 
Canadian  and  Argentine  reflector  mountings,  now  in  process 
of  construction.  A  complete  working  model  of  the  72-inch 
Canadian  reflector  and  dome  will  soon  be  added  to  the  exhibit. 

Brashe.\r's  exhibit  is  combined  with  that  of  Warner  & 
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SwAScy.  Here  are  shown  a  full  size  reproduction  of  the 
72-inch  «li*k  for  Uie  Canadian  reflector  and  a  fine  collection 
of  prisms  and  lenses  of  various  types,  including  a  15-inch 
ieos.  Several  fine  gratings  of  6fteen  thousand  lines  to  the  inch 
we  &lso  shown ;  the  largest  of  these  has  a  ruled  surface  3.75 
bjr  6.19  iDcfaes. 

The  astronomer  will  also  find  a  number  of  points  of  interest 
in  the  very  complete  exhibits  of  surveying  and  other  scientific 
iiutntments  made  by  such  firms  as  Kelffel  &  Esseji.  Bavscu 
k  LoMB,  LiETz  &  Co.,  W.  and  L.  E.  Gubley  and  others. 

Besides  an  unusually  conigilete  and  extensive  assortment  of 
surveying  and  geodetic  instruments,  Keuffel  &  Essex  exhibit 
icvcral  interesting  periscopes  and  a  Coast  and  Geodetic  Sur- 
vey tide~-gauge.  One  should  not  miss,  also,  a  novel  sextant 
which  they  have  on  exhibition.  The  arc  of  this  sextant  is 
dhrtded  only  into  full  degrees  and  there  is  no  vernier.  Instead 
the  limb  of  the  sextant  is  cut  with  very  accurate  worm  teeth, 
into  which  meslies  a  worm  moving  with  tlie  arm  of  the  sextant 
and  provided  with  a  ilivi'lcd  hea<l.  A  simple  ami  handy  little 
lever  movcft  this  worm  into  or  out  of  mesh.  In  use,  the  arm 
b  tnoveil  rapidly  to  the  approximate  position  just  as  with  an 
ordinary  sextant,  and  when  nearly  in  the  correct  place,  instead 
of  clamping  the  arm,  the  worm  gear  is  dropped  into  mesh  and 
the  divifled  head  turned  till  proj>er  coincidence  of  Sun's  limb 
attd  horixon  i.4  obtained.  Then  the  readinp;  of  the  sextant  is 
Kircn  at  once ;  the  full  degrees  being  read  from  the  circle  and 
^-^fae  minutes  and  fifteen-second  inter\'als  from  the  divided  head. 
^U|  is  raiKb  quicker  and  easier  to  read  than  an  ortlinary  vernier. 
HpH  depends,  of  course,  on  the  accurate  cutting  of  the  worm 
^^ecth  of  the  sextant  limb,  and  only  a  series  of  tests  can  show 
whctbcT  the  instrument  would  keep  the  accuracy  required  in 
o*c;  accumulation  of  dust  in  the  worm  teeth  might  render  it 
I  accurate  than  a  divided  circle.  Another  convenience  on 
i  sextant  is  a  small  dry  battery  concealed  in  tlie  sextant 
ladle ;  from  this  battery  a  small  bulb  may  be  lighted  by  a 
tton  tmder  the  obser^'cr's  thumb  so  as  to  illuminate  the  limb 
I  the  divided  head  for  a  reading.  The  same  firm  shows  a 
ip's  telescope  with  a  finder  of  unusual  interest.  The  tele- 
:  itself  is  provided  with  a  neat  device  for  changing  the 
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magnification  from  fifteen  to  forty-five  without  changing  eye- 
pieces or  altering  focus.  Several  years  ago  Professor  T(WM) 
devised  a  finder  for  astronomical  telescopes  so  fitted  with  right- 
angle  prisms  that  the  finder  eyepiece  could  be  placed  close  to 
the  eyepiece  of  the  main  instrument.  With  a  large  instrument 
the  finder  eyepiece  is  two  or  three  feet  away  in  the  ordinary 
form,  and  for  some  classes  of  astronomical  work,  e.  g.,  double 
star  work,  where  there  must  be  constant  intercomparison  of 
finder  and  main  telesco])e  field,  this  distance  between  the  two 
eyepieces  entails,  in  the  aggregate,  a  great  deal  of  work.  The 
finder  of  the  ship  telescope  is  a  "broken'*  finder  with  two 
right-angled  prisms,  as  in  Professor  Todd's  scheme,  but  the 
eyepiece  used  for  the  finder  is  that  of  the  main  telescope,  one 
of  the  right-angled  prisms  being  fitted  inside  the  main  tube  so 
that  it  can  be  quickly  moved  into  or  out  of  position  in  the  axis 
of  the  main  telescope  by  a  light  lever.  By  manipulating  this 
lever,  without  moving  the  eye  from  the  eyepiece,  one  can  in- 
stantly change  back  and  forth  from  finder  to  main  field  and 
vice  versa. 

Besides  an  excellent  display  of  projection  apparatus  and 
microscopes,  Bausch  &  Lomb  exhibit  several  range  finders, 
from  small  portable  types  up  to  a  large  one  with  a  base  line  of 
twelve  feet.  They  show  also  an  8-inch  circle  meridian  theodo- 
lite and  a  4-inch  equatorial  telescope.  There  is  also  a  very  large 
position  micrometer  with  a  number  of  special  features.  Be- 
sides the  ordinary  rapid  longitudinal  motion  of  the  ocular  a 
cross  motion  is  provided  as  well.  Clamps  are  provided  for  the 
various  divided  heads  on  the  measuring  screw.  There  seems 
to  be  no  ra])id  motion  for  rotating  the  micrometer  in  position 
ans'le,  and  the  slow  motion  for  this  is  not  verv  convenientlv  ar- 
ranged.  As  a  matter  of  fact,  a  slow  motion  for  position  angle 
in  a  micrometer  is  deemed  unnecessary  by  practiced  observers 
to-day,  and  that  on  the  36-inch  micrometer  has  long  been  dis- 
carded. The  micrometer  is  a  beautiful  piece  of  work,  mechan- 
ically, but  the  simpler  such  a  piece  of  ap])aratus  can  be  made 
the  better,  and  most  practical  astronomers  would  regard  this 
piece  of  apparatus  as  too  complicated. 

Quite  a  number  of  adding  and  calculating  machines  are  ex- 
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hibited  by  various  firms,  and  the  astronomer  will  find  this  a 
very  favorable  opportunity  to  compare  the  diflferent  types. 

Aside  from  the  instruments  mentioned  which  deal  with  the 
mechanical  aspects  of  the  science,  there  is  but  one  purely 
astronomical  exhibit  at  the  Exposition,  that  of  the  Carnegie 
Institution.  This  is  located  in  the  Education  Building,  and 
no  astronomer  should  miss  seeing  the  beautiful  exhibits  shown 
here  of  the  astronometric  work  done  at  Dudley  Observatory  and 
of  the  various  fields  covered  by  the  activities  of  the  Solar 
Observatory'  on  Mt.  Wilson. 

The  Lick  Observatory  has  no  exhibit  at  the  Exposition,  the 
Regents  having  decided  that  no  exhibit  should  be  made  by  any 
of  the  departments  of  the  University  of  California,  the  near- 
ness of  the  University  to  the  Exposition  making  it  its  own 
exhibit. 

The  exhibit  of  the  Dudley  Observatory  comprises  a  model 
of  the  Taurus  cluster,  photographs  of  the  southern  station  at 
San  Luis,  Argentina,  and  a  set  of  photographs  and  transpar- 
enic>  illustrating  star-streaming,  absorption  of  light  in  space, 
and  kindred  phenomena.  The  Mt.  Wilson  exhibit  comprises  a 
large  set  of  excellent  photographs  displayed  in  swinging 
frames  which  show  all  the  buildings  and  the  more  important 
instruments  and  pieces  of  special  apparatus  at  Pasadena  and 
Mt.  Wilson.  In  addition  a  complete  set  of  illuminated  trans- 
parencies show  the  more  important  results  secured  in  the  spec- 
troscopy of  the  Sun,  sun-spots,  stars  and  nebulae  and  a  splendid 
series  of  enlargements  of  photographs  of  nebulae  and  clusters 
made  with  the  5-foot  reflector.  All  in  all,  the  exhibit  is  one 
before  which  everyone,  astronomer  or  layman,  will  linger  long 
and  to  which  he  will  return  again  and  again. 
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STELLAR   RADIOMETRY. 


By  Keivin  Burns. 


Dr.  W.  W.  CoBLENTZ^  has  recently  put  a  new  instrument 
at  the  disposal  of  astronomers.  Besides  a  description  of  diis 
instrument,  the  article  referred  to  above  contains  a  list  of  over 
a  hundred  stars  whose  total  energy  was  measured  by  Dr. 
CoBLENTz.  It  is  the  purpose  of  the  present  note  to  compare 
the  total  energy  with  the  visual  and  photogpraphic  magnitudes 
of  these  stars;  to  compare  the  spectral  energy  distributton 
with  that  of  a  black  body,  and  to  make  some  suggestions  is 
to  further  work  with  the  radiometer.  Dr.  Cdblentz  wishes 
me  to  emphasize  at  the  outset  the  fact  that  his  work  was  tbat 
of  a  pioneer,  designed  rather  to  show  that  positive  results 
could  be  obtained  than  to  make  the  most  accurate  measure* 
ment  on  a  group  of  stars.  The  installation  was  merely  tem- 
porary and  few  stars  were  observed  more  than  once  each. 

In  making  the  following  tables,  I  have  omitted  a  Virgifiis 
on  account  of  its  being  observed  near  the  horizon;  aArietis 
was  omitted  on  account  of  suspected  faulty  classification ;  and 
a  Herculis  seems  to  be  in  a  class  by  itself. 

The  results  obtained  by  means  of  the  radiometer  are  ex- 
pressed in  terms  of  the  galvanometer  deflection,  the  numbers 
being  proportional  to  the  total  energy  less  atmospheric  ab- 
sorption. The  deflections  were  translated  into  magnitudes  to 
facilitate  comparison  with  the  visual  and  photographic  data 
at  hand.  The  radiometric  minus  the  visual  magnitude,  and 
the  radiometric  minus  the  photographic  magnitude  was  found 
for  each  star,  and  the  mean  taken  for  each  spectral  class.  (I 
shall  refer  to  these  data  hereafter  as  rad.-vis.  and  rad.-phot.) 
The  data  found  in  Harvard  Revised  Photometry-  was  used  for 
the  visual  and  photographic  magnitudes.  It  is  to  be  noted 
that  the  photographic  magnitude  as  here  given  is  based  on 
the  intensity  of  the  spectrum  at  the  G  line,  A  4320A. 


^  Lick  Observatory  Bulletin,  8,  104,  and  Bulletin  Bur.  Stand.,  11,  613. 
*  Harvard  Annals,  50. 
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TABLE    I. 

It  of  Radiomcific  with  Visual  and  Pholognphic  Magniiudei. 

K*d..VU.  No.  p.  c  RmI.-PIk>L  So.  p.  t. 
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-3.46 
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IN  ~3^  I 

tcrc        Mb  —4-3 

A  gUnce  at  the  column  heailed  rad.-vis.  shows  that  there 
a  tendency  toward  a  maximum  at  class  As,  and  that  the  so- 
Bcd  earlier  classes  do  not  differ  so  very  much  in  this  datum. 
bi  fact,  the  rad.-vis.  is  the  same,  within  the  Umits  of  error, 
for  the  classes  Bi  to  A5.  Only  three  stars  of  3  class  between 
A5  and  F8  were  observed.  The  total  intensity  of  class  G  and 
K  Stan  is  twice  that  of  class  B  and  A  surs  of  the  same  vis- 
ual magnitude,  and  this  ratio  increases  with  advancing  af^e 
tintj)  class  N  stars  are  fifteen  times  as  rich  in  energj'  as  class  A 
itars  of  the  same  visual  brightness,  aii<1  a  Herculis  is  relatively 
weaker  still  in  visible  rays.  It  is  interesting  to  note  that  with- 
in the  errors  of  obser^-ation  stars  of  class  K  ilo  not  differ 
frooi  those  a(  class  G  in  the  ratio  of  visible  In  total  energy. 
This  is  in  agreement  with  the  classification  of  Sir  Noruak 
Locxrat.  in  which  stars  of  classes  G  and  K  are  put  to- 
gether. It  is  evident  from  the  values  of  rad.-phot.  that  the 
spectra  of  these  classes  have  a  different  energy  distribution, 
and  this  may  also  be  easily  seen  from  a  study  of  the  photo- 
graphic spectra.  From  K  to  K5,  K5  to  Ma,  Ma  to  Mb  and 
Mb  to  N  there  is  a  progression  of  striking  regularity  in  the 
vahie  of  rad  -vis.  If  our  eyes  had  the  same  sensitivity  curve 
as  the  radiometer,  Anlarei  would  be  the  brightest  star  in  the 
tummer  sky,  and  lietel^eux  the  brightest  one  observed  by 
Dr.  CoMxxTK :    the  latter  is  no  doubt  nearly  the  equal  of 
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Sirius  in  total  intensity.  The  comparison  of  the  intensity  of 
the  stellar  spectra  at  A4320A  with  the  total  energy  (Table  I, 
column  6)  shows  that  the  ratio  of  these  quantities  is  the  same 
within  the  limits  of  error  for  stars  of  classes  B  to  A5.  This 
result  was  not  expected  as  the  work  of  King,  Parkhurst  and 
others  has  conclusively  shown  that  class  B  stars  are  brighter 
photographically  than  stars  of  class  A  of  the  same  visual 
magnitude.  However,  in  determining  the  photographic  mag- 
nitudes these  investigators  used  the  integrated  photographic 
intensity,  and  the  data  of  Table  I  refers  to  the  intensity  at  a 
given  point  in  the  spectrum.  From  A5  to  Mb  the  photo- 
graphic intensity  falls  off  irregularly  and,  as  is  well  known, 
very  rapidly.  Thus  p  Pegasi  and  a  Her  cutis  (class  Mb)  arc 
respectively  35  and  100  times  as  rich  in  total  energy  as  a  rtar 
of  class  B  or  A  of  the  some  photographic  magnitude. 

When  the  stars  are  grouped  according  to  class,  it  is  seen  that 
the  values  of  rad.-  vis.  agree  to  within  a  few  tenths  of  a  mag- 
nitude in  most  cases.  This  is  true  even  of  the  observations  of 
the  very  faint  stars,  where  the  galvanometer  swing  is  less  fhaa 
a  millimeter,  showing  that  the  faint  stars  can  be  observed 
with  considerable  accuracy.  Of  the  eleven  stars  which  were 
observed  more  than  once,  only  two  depart  more  than  two- 
tenths  of  a  magnitude  from  the  mean  rad.-vis.  for  their  class. 
It  is  likely  that,  whenever  the  departure  is  as  much  as  three 
or  four-tenths  of  a  magnitude,  the  star  in  question  will  be 
found  to  have  an  energy  curve  differing  from  the  mean  for 
its  class  p  Ophiuchi  was  observed  twice  and  it  appears  to  be 
half  a  magnitude  weaker  in  total  energy  than  other  class  K 
stars  of  the  same  visual  magnitude.  aHerculis,  class  Mb, 
was  observed  several  times  and  it  was  found  to  be  abnormally 
strong  radiometrically.  the  value  of  rad.-vis.  being  greater  for 
this  star  than  for  ig-Piscium,  class  N. 

Double  Stars, — Four  faint  companions  were  measured,  all 
of  which  have  been  called  "blue.''  The  color  is  not  borne  out 
by  the  radiometric  observations,  as  the  rad.-vis.  is  in  eVery 
case  the  same  as  that  of  the  primary  within  the  limits  of  ob- 
servation. Of  thirty-nine  isolated  stars  of  class  B  to  As,  only 
one  had  rad.-vis.  as  large  negatively  as  the  smallest  value  for  a 
companion  star  given  in  this  table. 
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TABLE  II. 
Rad-Vis.  for  I>oubte  Surs. 

B  is  doal>I« 
Coounoo  r.M. 

A  is  doable 
Common  r.M. 

Common  r.M. 
ComsDon  r.M. 

In  the  ca>c  of  «  Hercuiis,  irradiation  from  the  priniar}*  may 
have  cause<l  the  secondary  to  be  measured  too  strong::  this  is 
not  tikelv  to  have  been  the  case  with  the  other  stars. — it  could 
not  have  happened  in  the  case  of  p  Cygni.  These  early  class 
and  "blue"  companions  appear  to  be  relatively  strong  in  total 
energy*.  It  will  be  a  very  useful  piece  of  work  to  investigate 
double  stars  radiometrically,  even  tho  close  pairs  cannot  be 
obser>'ed. 

Parallax  and  Absolute  Magnitude, — The  absolute  total  in- 
tensity was  computed  for  those  stars  for  which  the  parallax 
ha<i  been  observed.  .As  there  were  onlv  twentv  of  these,  the 
statistics  are  not  of  much  value.  .Among  these  stars  there  is 
no  tcndencv  for  one  class  to  be  more  intense  than  another. 
The  rad.-vis.  is  not  a  function  of  absolute  intensitv.  WTien 
rad.-vis.  is  plottetl  against  parallax  it  appears  that  the  more 
distant  stars  are  somewhat  weaker  visually  than  are  the  closer 
stars,  but  more  data  will  be  necessar>'  in  order  to  be  certain  of 
this.     The  photographic  data  for  the  f>arallax  stars  is  lacking. 

Comparison  of  Transmission  thru  Water  with  Rad.-l'is. — 
The  percentage  of  transmission  thru  a  water  cell  is  given  by 
Dr.  CoBixxTZ  for  a  few  stars  of  the  classes  B8  to  Mb.  WTien 
these  percentages  are  plotted  against  rad.-vis.,  the  points  fall 
close  to  a  smooth  curve  if  we  use  the  rad.-vis.  for  the  indi- 
vidual stars.  This  cur\'e  has  a  sharp  bend  at  6q  per  cent, 
class  A5.  If.  instead  of  using  the  rad.-vis.  for  the  indi\ndual 
stars,  we  use  the  mean  for  the  class,  the  points  do  not  fit  a 
curve.  This  strengthens  the  view,  expressed  above,  that  the 
energy  distribution  in  individual  stars  may  depart  quite  widely 
from  the  mean  distribution  for  a  class. 

Pl.\xck's  Distribution  Law  and  Temperature. — Plaxck's 
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law  of  the  distribution  of  energy  in  the  spectrum  of  a  lumin- 
our  body  E^  =  Cj I ,  has  been  used  by  several  m- 

A»(^x7— i) 
vestigators,  notably  by  Wilsing  and  Scheiner,  to  estimate  the 
temperatures  of  the  stars.  It  is  evident  that  most  stars  do  not 
follow  this,  nor  any  other  simple  law  of  distribution,  exactly. 
For  the  stars  of  early  and  lafe  types  have  strong  emission  lines, 
or  strong  absorption  bands  or  both.  Furthermore,  there  is  no 
certainty  that  the  radiation  from  any  substance  will  follow 
Planck's  law  at  temperatures  far  above  that  at  which  the 
substance  becomes  a  gas.  However,  some  of  the  stars  have 
energy  curves  which  so  far  as  we  know  follow  this  law  at 
least  roughly,  and  it  will  be  of  interest  to  see  for  what  classes 
of  stars  the  law  is  entirely  inapplicable.  Accordingly,  the  dis- 
tribution curves  were  plotted  for  temperatures  ranging  from 
2000°  to  9000®  Abs.,  and  these  curves  were  corrected  for 
atmospheric  absorption.  The  visibility  of  each  corrected  curve 
has  been  found,  the  intensity  at  the  G  line,  and  the  percentage 
of  transmission  thru  i^".  of  water  in  a  quartz  cell  such  as  was 
used  by  Dr.  Coblentz.  Table  III  gives  the  atmospheric  trans- 
mission which  was  used ;  the  values  were  derived  from  the  re- 
sults contained  in  Publications  of  the  Smithsonian  Astro- 
physical  Observatory,  Vol.  III.  I  aimed  to  find  the  transmis- 
sion for  Mt.  Hamilton,  where  Dr.  Coblentz  made  his  meas- 
urements. For  the  work  done  with  the  water  cell  furnishes 
the  most  important  data  which  we  have  relating  to  spectral 
energy  distribution  of  the  stars.  Furthermore,  no  permissible 
values  of  the  atmospheric  transmission  in  different  parts  of 
the  spectrum  would  have  any  great  effect  on  the  ratio  of  total 
energy  to  visibility,  and  the  effect  on  the  relation  between 
total  energy  and  intensity  at  4320A  would  not  be  very  great. 
Table  III  also  contains  the  values  which  were  used  for  the 
sensitivity  of  the  eye  to  various  wavelengths,  and  the  trans- 
mission thru  a  water  cell  i*'™.  thick. 

TABLE  III. 
Percentage  of  Transmission  and  Visibility  at  Various  Wave-Lcngths. 

Medium  ^'io"/^  3035404550  55  60  65  70  80  QO  100  IIO  120  I30  I4O  200  3OO 

Atmosphere  o  50  63  72  79  81  84  86  89  90  92  94  94  94  94  94  93  93 
Water  8085858585  85  85  85  80  75  70  50  30  15  10  o  o  o 
Visibility  o   o    4   834  100  63  11    10 
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I       Dettoting  by  loo  the  intensity  of  the  energy  which  would 

penctnile  the  atmosphere,  the  value  of  the  energy  outside  the 

atmosphere  is  given  in  Tabic  IV  for  a  Mack  body  ranging  in 

tcmpcratares  from  2000°  to  qooo".    The  line  opposite  "water" 

pvr«  the  percentage  of  the  energj'  penetrating  the  atmosphere 

which  woi]]d  be  Iransmilted  by  the  water  cell.    Opposite  "visi- 

"  are  found  numbers  which  give  the  ratio  of  the  visibility 

)  the  total  enei^ty^     T^o  g^t  these  numbers  I  multiplied  the 

mle^  in  the  black  body  curve   (as  transmitted  thru  the 

'■ttmosphcre)  by  the  percentages  opposite  "visibility"  in  Table 

III,  and  then  took  the  ratio  of  the  area  under  the  resulting 

curve  to  that  under  the  curve  before  the  ordinates  were  re- 

H^accd.     Opposite  '■X43z"  are  found  numbers  expressing  the 

^Bhtensit>'  at  the  G  line  on  an  arbitrary  scale. 

^f  T.\BL£  IV. 

Data  from  Black  Body  Curves, 

Ti  iii|  1 1  Hill  I 30OO*  3000*  4000*  5000'  6000*  7000'  8ca>*  gooo* 

OntMde  kOBCi^bcrc..     no      no      tii       117      la;      140      160      185 

Water 8       36       40       51        58       67       7a       74 

VbUNUlr o      a. 7      7.7        'i        IS        17        '9       *■ 

^4j3 0      1.0      48        la        17       30       33       34 

h Considering  Table  IV  wc  find  that  if  we  had  stars  of  all 
nperatures  whose  spectral  energy  curves  obeyed  Plasck's 
ir  we  could  readily  measure  the  temperatures  by  means  of 
the  transmission  thru  water  until  we  reached  the  temperature 
8000",  After  this  tem|icratiirc  the  estimates  would  be  in- 
determinate, as  the  water  transmission  varies  but  little  and 
approaches  75  |>er  cent.  Again,  if  we  knew  the  temperature 
of  one  of  the  stars,  wc  could  compute  the  temperatures  from 
_d>c  visihiltticH.  but  here  aUo  the  values  would  t>e  indeterminate 
r  the  higher  temperatures.  What  is  true  of  the  visibilities 
i  iImi  to  the  photographic  intensities.  The  temperatures 
irted  in  the  three  ways  would  agree,  of  course.  The 
rterminalene^  at  high  temperatures  is  brought  about  by 
e  absorption  in  the  atmosphere.  Comparing  columns  3  and  6 
f  Table  T  with  lines  4  and  5  of  Table  IV  wc  sec  that  we  are 
dealing  with  similar  cur\-es.  This  leads  us  to  suppose  that 
we  may  be  able  to  relate  the  rad.-vis,  and  rad.-phot.  with  the 
^BJtomperatorcs  of  a  black  bo<ly,    Wc  shall  see  that  the  data  col- 
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lected  by  Dr.  Coblentz  shows  that  this  cannot  be  done,  as  the 
required  water  transmission  is  greater  than  that  which  was 
observed  in  the  case  of  the  early  type  stars. 

For  each  of  the  stars  whose  energy  transmission  thru  water 
has  been  measured,  Table  V  gives  this  transmission  in  per 
cent.,  the  rad.-vis.,  and  rad.-phot.  The  last  datum  is  for  tfac 
individual  stars  in  the  case  of  pPegasi  and  aHerculis^  but 
for  the  other  stars  the  mean  value  for  the  class  was  used. 
The  temperatures  computed  from  the  water  transmission  is 
given  in  the  sixth  column.  The  seventh  and  eighth  columns 
contain  the  temperatures  computed  from  rad.-vis.  and  rad- 
phot.,  assuming  that  the  early  type  stars  have  a  temperature 
of  8000°. 

TABLE  V. 

Transmission  and  Intensity  Ratios. 

%  Trans-  y  Temperature    — — ^ 

mission  H,0 

Rad.-Vis.  Rad.-Phot  Trans.  Rad.-Vis.  Rad-Phot 

0.0         —  0.8        4200         ....         8000 

— 0.2  — 0.8  6000  8000  8000 

—  0.2  — 0.8  7400  8000  8000 

—  0.9  — 2.0  4700  4700  4300 
— 1.2  — 2.5  4500  4000  4000 

—  1.9  —3-7  3700  3300  3200 

—  1.7  —3-7  3500  3400  3200 

—  2.8  — 3.7  3100  2600  3200 

—  2.4  — 3.7  3100  2900  3200 

—  2.5  — 4.9  3200  2800  2600 

—  4.0  — 5.8  2700  2200  2400 

The  limit  of  error  in  temperature  computed  from  water 
transmission  is  200°  or  300°,  excepting  in  the  case  of  a  AquUcp. 
The  intensity  of  this  star  is  so  low  and  the  transmission  is  so 
hig-h  that  the  temperature  determination  may  be  in  error  by 
+  500°  or  — 1000°.  The  value  of  the  transmission  thru 
water  gives  the  temperature  (Table  V,  column  6),  by  com- 
paring this  value  with  the  line  "water,"  Table  IV,  supposing 
the  star's  spectral  energy  curve  to  follow  Planck's  law.  It 
may  be  a  surprise  to  many  astrophysicists  to  find  aLyrce  and 
P  Ononis  at  a  lower  temperature  than  a  Aquilce,  The  very 
low  value  of  p  Ononis  is  perhaps  peculiar  to  that  star.  The 
class  G  Star,  aAurigce,  appears  to  be  at  a  lower  temperature 
than  we  should  suppose  from  considering  the  Sun  to  be  over 
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6000".  The  highest  value  of  the  temperature  which  it  is  pos- 
sible to  assume  for  a  AquUct  and  a  Lyrre  in  view  of  the  water 
transmission  is  8000" ;  assuminc  this  vahie.  the  temperatures 
of  the  other  stars  was  computed  by  comparing  the  hlack  body 
visibility  {Table  IV)  with  rad.-vis..  Table  V,  column  4.  This 
gives  an  impossible  value  for  (3  Oriotiis.  and  for  the  other 
«tar».  values  which  are  sometimes  lower  than  those  computed 
from  the  water  transmission.  If  we  assume  o  Boolis  to  be  at 
a  temperature  of  4500°.  the  values  from  rad.-vis.  for  stars 
of  class  B  and  A  become  impossible,  but  stars  of  classes  later 
in  F  would  then  have  temperatures  apreeinp  very  well  with 
found  from  the  water  transmission.  If,  instead  of  using 
the  values  of  rad.-vis.  for  the  individual  stars,  we  use  the 
mean  for  the  class,  the  temperature  of  $Orwnis  Incomes 
7500'  instead  of  twinp  impossible,  the  tempcmture  of  a  Orionis 
becomes  3000"  and  the  other  stars  at"e  not  appreciably  af- 
feclctl.  Comparison  of  the  line  "A  432"  of  Table  TV  with 
ccJuntn  5  of  Table  \'  shows  that  what  has  been  said  of  Icni- 
iture  estimates  from  rad.-vis.  is  tnic  of  similar  determina- 
IS  from  rati. -phot.  In  other  words,  the  data  for  stars  of 
C  to  Mb  are  consistent  with  the  assumption  that  the 
spectral  energj'  distribution  follows  Pi-ANXk's  law  roughly, 
lint  on  this  assumption  (he  stars  of  classes  B  and  A  do  not 
follow  this  law  at  all.  For  this  reason  it  is  impossible  to 
invoke  this  law  lo  prove  that  early  type  stars  are  hotter  than 
tboM  of  later  i^tjc.  Again,  if  the  blue  stars  follow  Planck's 
',  their  temperatures  must  be  rather  low.  as  shown  by  the 
iter  transmission,  and  so  the  late  classes  cannot  follow  the 
al  all,  I  prefer  to  think  that  the  stars  of  late  type  follow 
law  the  more  closely. 
A  comparison  with  the  temperatures  published  by  Wil^inc 
aod  SciiRiNEK  shows  good  agreement  for  classes  G  and  later. 
bul  these  investigators  assign  much  higher  temperatures  to 
of  classes  B  and  A  than  arc  compatible  with  the  ob- 
red  water  transmission. 
In  undertaking  .in  extended  research  along  radiometric  lines. 
will  be  necessary  to  determine  the  atmospheric  transmission 
'c  for  the  nlira-violet,  as  well  as  for  the  \-isible  and  the 
ifra-red.  And.  of  course,  it  will  be  necessar>*  to  measure 
iphcric  transmission,  M  least  for  some  points  in  the 


^bue- 


mm. 
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spectrum,  with  every  night's  work.    This  will  offer  no  great 
difficulty. 

In  his  original  paper.  Dr.  Coblentz  expresses  the  hope  that 
a  sensitivity  loo  times  as  great  as  that  which  he  used  may  be 
obtained,  by  using  a  more  powerful  telescope,  a  more  sensitive 
radiometer  and  more  favorable  mounting  of  the  galvanometer. 
This  would  make  possible  radiometric  work  having  wonderful 
possibilities.  But  even  if  we  content  ourselves  with  the  sen- 
sitivity used  by  Dr.  Coblentz  at  Mt.  Hamilton,  the  future  of 
radiometry  is  very  bright.  It  is  certain  that,  by  the  use  of 
screens,  our  knowledge  of  the  energy  distribution  in  stellar 
spectra  can  be  vastly  increased  and  this  knowledge  correlated 
with  laboratory  experience  will  tell  us  much  that  is  now  un- 
known about  the  conditions  existing  in  the  stars.  The  study 
of  double  stars  and  variable  stars  will  yield  rich  results.  The 
question  of  absorption  in  space  can  be  attacked  with  freedom 
from  some  of  the  difficulties  which  beset  the  observation  of  this 
phenomenon  by  other  methods.  The  results  which  are  certain 
to  be  obtained  would  seem  to  warrant  some  observatory  pos- 
sessing a  large  reflector  in  devoting  two  nights  a  week  to  the 
subject  for  a  year  or  more. 

SUMMARY. 

The  available  data  show  no  relation  between  the  spectral 
energy  distribution  and  the  absolute  total  energy  of  the  star. 

There  is  some  evidence  of  absorption  in  space. 

The  fainter  companion  of  a  double  star  appears  to  have  the 
same  ratio  of  total  energy  to  visibility  as  the  primary,  if  any 
difference,  the  secondary  is  "redder/* 

The  radiometric  evidence  points  to  a  lower  temperature  for 
stars  of  class  B  than  for  stars  of  class  A,  but  this  is  uncertain 
since  the  early  type  stars  do  not  obey  Planck's  law.  The  stars 
of  class  G  to  Mb  seem  to  have  spectral  energy  curves  roughly 
approximating  Planck's  law,  and  the  temperature  of  such  a 
star  may  be  obtained  from  the  percentage  of  its  energy  which 
is  transmitted  by  a  suitable  screen. 

The  temperatures  found  for  stars  of  classes  G  to  Mb  are 
thought  to  be  correct  within  a  few  hundred  degrees. 

This  paper  is  to  quite  an  extent  merely  a  more  detailed 
statement  of  points  brought  out  by  Dr.  Coblentz  in  his  original 
paper. 
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THE  EMISSrVITY  OF  STARS  AT  DIFFERENT 
TEMPERATURES. 

By  Paul  W.  Merrill 

On  account  of  the  remaricable  and  promising  measures  of 
the  total  radiation  of  stars,  recently  made  by  Coblentz,'  it 
may  be  of  interest  to  put  in  more  accessible  form  a  notion  pro- 
posed by  NoRDMANN  and  reported  in  the  Comptes  Rendits  for 
March  13,  1913,  and  to  apply  it  to  the  observed  "emissivity" 
of  stars  of  different  colors. 

Let  M  be  the  emissivity,  i.  e.,  the  ratio  of  the  heat  radiated 
by  an  object  to  its  brightness.  Assume  that  the  brightness  is 
proportional  to  the  intensity  of  the  ray  of  wave-length  5400A. 
This  is  borne  out  by  experiments  in  the  laboratory,  and  by 
tests  on  stars.  Using  the  Planck  formula  for  spectral  distri- 
bution of  energy, — 

and  the  Stefan-Boltzmann  law  of  total  radiation, — 

E  -  oT' 
we  have  for  a  black  body,— 

M  =  A  {€"/■'  —  i)T' 
where  T  ^  absolute  temperature  in  degrees  Centigrade. — 
K  —  27000 

A  =  a  constant  whose  value  is  not  needed  here. 
If   B  =  brightness,  and   E  =^  total   radiation,   we  have   for 
stars  I  and  2, — 

F  F 

L.  the  relative  emissivity,  is  defined  by  the  following  equa- 
tion : — 

_M,__P.,  E,  _le'''^^^i)TJ 

M,  ~  B, "      "E,    ~~i €"'-••  —  I )  T,' 

log  -^  =o.400(Mag,  —  Mag,) 

•Publ.  A.  S.  P..  %a.  169,  1914:  Lie*  Obty.  Bull..  9,  104,  191s- 
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Next, — 

M 

"^  =  (<rVT._  I)  T/  =  L  (irVT._  I)  T/ 

This  equation  will  enable  T,  to  be  found  if  L  is  known,  and 
T,  be  known  or  assumed.  Table  I  is  to  facilitate  the  numeri- 
cal computation. 

TABLE  I. 
M  =  (rVt  — i)  T*  X  constant. 

T  M                                 T                        M 

aooo*  117.  7000*  0.92 

2500  19. 1  8cxx>  1. 16 

3000  6.56  9000  1.25 

3300  3.28  loooo  1.39 

4000  2.18  12000  1.76 

4500  1.65  15000  2.56 

5000  1.38  20000  4.57 

6000  1. 15  25000  7.60 

As  illustrated  bv  Table  I,  the  theory  states  that  the  emis- 
<iiviiy  reaches  a  minimum  value  for  a  temperature  of  6900®, 
about  that  of  the  Sun.  Coblentz  finds,  however,  that  the 
hotter  stars,  i.  e.,  those  of  spectral  classes  A  and  B,  have  a 
kjwer  emissivity  than  solar  stars.  This  is  probably  due  to  the 
nrm -conformity  of  the  energy  curve  with  that  of  a  black  body. 
Hence  we  shall  not  attempt  to  determine  the  temperatures  of 
^tars  **!)luer**  than  the  Sun  bv  this  method.  Since  M  reaches 
a  minimum  for  T  =  6900°,  a  limiting  value  of  To  can  be  found 
without  assumption  as  to  Tj  by  putting  in  for  it  the  value 

Let  us  take,  for  an  example,  P  Draconis  as  star  i,  and  de- 
termine the  tem|)erature  of  other  stars  with  resi)ect  to  it.  The 
following  small  table  will  be  of  assistance: — 

TABLE  IT. 
T  depending  on  values  of  L  relative  to  /9  Draconis. 

Assumed  temperatures  of  fi  Draconis 

T    5000*  6ooo*  7000* 

looo'   84.8  102.  127. 

2SOO     13.84  16.61  20.75 

jrwo     476  5.70  713 

3500     2.38  2.85  3.56 


Sooa  . 
6000  . 

7ot» 
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P  Draconis       ClassG:  Magj^a.99;  E^  ^0,44 
"Bofitis  Class  K;  Magj  =  o,24;  Ej=8.58 


PPrgasi      Class  MB;  Mag,  =  2.61;  E,  = 
igPiscltim      Class  N  ;  Magj  =  5.,io;  E„  = 


PDracouis 
Scx»° 
6000 

7000 
The  numbers  ii 


Bodlis 

PPcgti 

4100° 

3050 

4400 

3300 

50CW 

3J50 

igPis^ui 


the  last  row  represent  upper  limits. 


For  the  double  stars  measured  it  is  remarkable  to  find  that 
in  every  case  L  is  larger  for  the  faint  "blue"  companion  than 
for  the  primary.  It  is  interesting  to  note  that  the  bright-tine 
star  y  Cassiopeia  gives  a  low  value  of  L  compared  with  other 
stars  of  class  B.  This  may  indicate  that  the  photosphere 
(effective  radiating  layer)  is  nearer  the  outside  than  usual,  so 
that,  while  the  ultra-violet  radiations  are  still  strongly  ab- 
sorbed, visual  rays  are  allowed  to  pass  more  freely  than  in  the 
average  star  of  class  B. 
Ann  Abbor,  Mich.,  March,  1915. 
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\  THE  IMPORTAN'CE  OI'  OltSERVING  METEORS.' 


By  V.  R.  MocLToN. 

No  other  branch  of  practical  astronomy  offers  so  great  an 
opportuoity  for  interesting  and  scientifically  important  work, 
to  one  possessing  only  a  meager  or  no  instrumental  equip- 
ment, as  that  of  observing  meteors.  In  fact,  most  of  the  work 
in  this  line  can  be  done  entirely  without  instruments,  and  those 
trho  arc  under  ubhgations  to  employ  powerful  telescopes  for 
the  purposes  for  which  they  arc  designed  cannot  even  under- 
take it.  The  purpose  of  this  article  is  to  point  out  the  things 
(must  of  which  arc  uf  course  well  known)  which  observations 
nl  the  meteors  may  teach  us.  They  will  be  mentioned  in  the 
order  of  simplicity  of  making  the  observations. 

I.  The  simplest  thing  to  do  is  to  record  the  number  of 
meteors  which  can  be  seen  during  a  given  interval  of  time. 
Thti  is  obviously  done  without  any  instrumental  help,  and  in 
to  get  enough  data  to  be  of  any  particular  value  an 
innous  amount  of  time  is  required.  To  make  such  ob- 
.lions  of  the  greatest  value,  the  date  on  which  they  are 
made  and  the  precise  part  of  the  day  should  be  recorded,  and 
a  part  of  the  sky  of  definite  size  and  location  should  be 
vratchei].  Such  obsen-ations  can  be  exi)ectefl  to  give  the  varia- 
tion in  the  number  of  meteors  visible  at  the  different  parts 
of  the  year  and  of  the  day,  and  in  various  parts  of  the  sky. 
These  are  obviously  questions  of  the  first  importance  in  de- 
termining their  distribution  in  space.  For  example,  astron- 
wners  wish  to  know  whether  all  meteors  arc  the  remains  of 
idisintcgraled  comets,  or  whether  most  of  them  circulate  around 
Sun  like  infinitesimal  planets,  or  whether  many  may  not  be 
iderer.4  in  interstellar  space  and  thick  enough  to  cut  off 
apprreiably  the  light  of  distant  stars.  This  last  question  is 
of  importance  in  connection  with  that  of  the  extent  of  the 

I  CTi"'  ■  I       i.ittlon  ConnlttH  b  nM  lo  rvpflnt  ■rttclc*  nhkh 

bw  :  >  -hich  m  mdilr  (MnafhU  to  Bar  ruiirn-     W* 

■■  "  '    kiMarm  bRMH  «*  m\tb  to  enpkuiie  tbt  f»ct 

km'  xcqn  lUT  br  in  nM.  Ilwr*  il  Mill  ■  irwl  iJmI  a( 

M*  i".-!'  -  "'li  ihit  ran  Ik  diHW.  »i<t.  IndmL  Hail  be  dna* 
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sidereal  system,  and  is  now  a  very  live  subject,  as  the  readers 
of  Kapteyn's  papers  know. 

In  addition  to  simple  counts  of  meteors,  it  is  easy  to  record  ' 
their  color,  their  apparent  speed,  and  their  brightness  as  (X)m- 
pared  with  the  stars. 

2.  Everyone  is  familiar  with  the  fact  that  many  meteors  be- 
long to  "streams."  that  is,  they  move  in  parallel  paths  across 
the  orbit  of  the  Earth.  In  order  to  establish  a  meteor  stream, 
or  to  contribute  to  the  proof  of  the  existence  of  a  meteor 
stream,  the  apparent  paths  of  the  meteors  must  be  recorded. 
This  can  be  done  only  on  star  maps '  prepared  in  advance. 
There  is  abundant  opportunity  for  the  exercise  of  skill  in 
making  these  observations.  The  degree  of  accuracy  of  the 
work  can  be  checked  by  two  or  more  observers  working  to- 
gether, at  least  occasionally.  Work  of  this  kind  has  been  in- 
dustriously carried  out  by  English  observers,  who  have  less 
f:ivorable  climatic  conditions  than  prevail  in  most  parts  of  the 
United  States. 

3.  The  height  of  meteors  can  be  determined  from  simul- 
taneous observations  by  two  observers  a  few  miles  apart. 
Observations  have  shown  that  meteors  usually  become  visible 
at  a  height  of  sixty  to  ninety  miles  above  the  Earth's  surface. 
Hence  the  distance  between  the  observers  may  be  anywhere 
from  five  to  fifteen  miles.  In  order  to  be  sure  that  both  ob- 
servers have  seen  the  same  meteor,  the  exact  time  and  other 
circumstances  of  its  appearance  should  be  carefully  recorded. 

4.  Now  and  then  bright  meteors  leave  luminous  trains  which 
are  visible  from  a  few  seconds  up  to  many  minutes.  The 
motions  of  these  trains  should  akvays  be  very  carefully  ob- 
sen-ed  and  their  positions  tiAth  respect  to  the  stars  recorded  as 
accurately  as  possible  from  time  to  lime  as  long  as  they  are 
visible.  Such  observations  will  give  us  information  regard- 
ing the  movements  of  the  upper  atmosphere  at  a  height  which 
can  be  reached  in  no  other  known  way.  Meteorologists  are  eager 
for  any  information  in  this  line  which  can  be  obtained.  It  is 
clear  that  it  is  especially  valuable  when  the  meteor  is  observed 
by  two  observers  a  few  miles  apart  so  that  its  altitude  can  be 
determined  with  considerable  certainty. 
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.  For  some  purposes  it  is  important  to  know  with  what 
»rs  move  when  they  enter  the  Earth's  atmosphere. 
r  is  observed  by  two  persons  a  few  miles  apart  the 
I  of  its  path  can  be  computeil.  Tfence,  in  order  to  get 
ib  qwd,  it  is  necessary  only  to  know  how  long  was  required 
for  it  lo  describe  its  path.  This  can  be  estimated  with  some 
apfiroximation  by  experienced  observers.  A  much  more  ac- 
curate way,  which  at  the  same  time  gives  the  position  of  the 
oKtcor  accurately,  is  to  photograph  the  sky  with  a  camera 
ioUowing  the  stars  and  having  in  front  of  its  objective  a 
ntMting  screen  which  alternately  admits  and  cuts  off  the  light. 
The  star  images  will  be  definite  points  and  the  meteor  trail 
instead  of  being  a  continuous  line  will  be  a  series  of  dashes 
cnrTespontling  to  the  limes  when  the  screen  was  edgewise  to 
the  cvuera  objective.  The  photographs  from  the  two  places 
win  locate  the  meteor,  and,  if  the  rate  of  rotation  of  the  screen 
if  known,  its  speed  can  be  computed. 

6l  Finally,  if  in  addition  to  the  data  of  (5)  the  brightness 
of  the  meteor  is  determined,  its  mass  can  be  computed.  For. 
when  a  meteor  strikes  ihe  atmosphere  its  energy  of  motion 
is  lari^ly  changed  to  light,  and  the  brightness  of  a  meteor 
at  a  known  distance  and  of  3  known  duration  furnishes  the 
amount  of  radbni  energy  it  emits.  The  brightness  can  be  de- 
termined, of  course,  by  comparing  its  trad  with  the  star  images, 
taking  into  account  the  length  of  the  exposure.  Now  the 
energy  of  motion  of  the  meteor,  which  is  changed  into  a  meas- 
ured quantity  of  light  energ\',  is  proportional  to  the  product  of 
the  mass  and  the  square  of  the  speed,  which  can  be  computed 
from  Ihe  obserii-ations  of  (5).  Hence  the  mass  can  Ik  com- 
paled.  Then,  with  the  data  of  (  i )  it  is  po!^sib1e  to  compute  how 
:  Earth  is  growing  by  the  accretion  of  meteoric  matter, 
i  will  serve  to  show  the  great  importance  of  observing 
,  and  professional  astronomers  will  welcome  all  addi- 
1  who  follow  these  objects. 

K  UrnnswTv  w  CtitCAoo,  CntcAro,  lu., 
Uarch  zi,  1015. 
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PLANETARY  PHENOMENA  FOR  JULY  AND 

ANGUST,  191 5. 


By  Malcolm  McNeill. 


PHASES  OF  THE  MOON,  PACIFIC  TIME. 

Last  Quarter. .July  3,  ^  54™  p.m.      Last  Quarter... Aug.  2,  i*>27"»p.m. 

New  Moon —   "    12,  i    31    a.m.      New  Moon "    10,2  52    p.m. 

First  Quarter.    "19,1      9    p.m.      First  Quarter..   "    17,6   17    p.m. 


Full  Moon "    26,4    II    A.M. 


Full  Moon "    24,  I   40    p.m. 


The  second  and  last  eclipse  of  the  year  is  a  central  eclipse 
of  the  Sun,  occurring  on  August  loth.  Like  the  eclipse  of 
February,  it  will  not  be  visible  in  America,  the  path  of  the 
center  being  wholly  in  the  Pacific  Ocean  from  a  point  between 
Japan  and  the  Philippines  to  a  point  in  the  southern  hemi- 
sphere south  of  Mexico;  also  on  account  of  the  more  than 
average  distance  of  the  Moon  from  the  Earth  and  its  smaO 
apparent  size  it  will,  like  the  eclipse  of  February,  be  annular 
and  not  total,  consequently  of  small  scientific  interest. 

The  Earth  will  be  in  aphelion  on  July  5th. 

Mercury  will  be  a  morning  star  during  the  greater  part  of 
July  and  August.  It  passed  inferior  conjunction  on  June  26th 
and  will  come  to  superior  conjunction  on  August  14th.  Great- 
est west  elongation  will  be  reached  on  July  i8th;  it  is  then 
20°  23'  west  of  the  Sun  and  will  rise  i**  20"  before  the  Sun, 
and  the  interval  will  remain  more  than  an  hour  until  after 
August  1st.  It  will  therefore  be  in  fair  position  in  the  morn- 
ing twilight  for  about  three  weeks.  It  will  be  in  conjunction 
with  Venus  twice,  the  first  time  on  July  loth,  when  both  are 
too  near  the  Sun  for  easy  observation  of  the  fainter  planet, 
the  second  on  August  4tht  in  the  early  morning.  Mercury  will 
then  be  0°  18',  a  little  more  than  half  the  Moon's  apparent 
diameter,  north  of  Venus.  At  the  same  hour  it  will  also  be  in 
conjunction  with  Neptune,  i°2i'  north  of  the  latter.  On 
July  22nd  it  passes  i  °  south  of  Saturn,  both  planets  being  be- 
low our  horizon  at  the  time  of  nearest  approach,  but  they  will 
not  be  far  apart  on  the  mornings  before  and  after. 
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t  Vtnvu  is  drawing  near  superior  conjunction  with  the  Sun, 
t  mnaint  »  morning  star.  On  July  ist  it  rises  about  i"  20" 
t  sunrUe.  but  the  interval  diminishes  to  less  than  twenty 
>  by  the  end  of  August.  It  will  then  be  nearly  at  its 
1  di<;tance  from  the  Earth,  ami  consequently  at  near- 
ly its  minimum  brightness,  but  it  will  still  be  bright  cnuf  to 
be  seen  without  a  telescope  until  nearly  the  end  of  August. 
It  win  be  in  conjunction  with  Saturn  on  the  morning  of  July 
17th.  passing  0°  38'  north ;  also  with  Neptune  on  the  morning 
of  August  4th.  passing  1°  i'  north.  The  conjunctions  with 
iitrntry  have  alrearly  been  mentioned. 

%fars  rises  at  about  2  a.  m.  on  July  ist  and  at  about  12:30 
A.  M.  at  the  end  of  August.  It  moves  about  45°  eastward  and 
5"  northwanl  thru  Taurus  into  Gemini.  On  July  ist  it  is  about 
5"  south  of  the  Pieiades.  Just  after  the  middle  of  the  month  it 
i*  rather  near  the  first  magnitude  red  star  Aldebaran.  passing 
tboui  5°  north  of  the  star  on  July  loth.  By  the  end  of  .\ugust 
k  will  be  about  10'  south  and  west  of  Castor  and  Pollu.v,  a  and 
B  Cr^finarum  During  the  two  months  its  distance  from  the 
Earth  will  diminish  about  twenty-live  millions  of  miles  and  its 
brightness  will  increase  about  twenty  per  cent,  .^t  the  end  of 
August  it  will  be  about  twice  as  bright  as  it  was  when  at  its 
foinirst  in  the  autumn  of  1914.  That  is.  it  will  be  about  as 
brtghl  as  a  normal  first  magnitude  star. 

Ju^lcr  is  nearing  o{>t>ositiou  with  the  Sun,   rising  about 

1 1  :jD  p.  u.  on  July  ist,  and  shortly  after  7  r.  m.  on  August 

31st.     It  is  in  the  constellation  Pisces,  a  short  distance  west 

and  Mmth  of  the  \-ernaI  equinox,     L'p  lo  July  igth  it  moves 

about  the  Moon's  apparent  diameter  eastward  and  northward, 

^JX  then  tiegins  its  westward  or  retrograde  motion,  reaching 

^bi  .August  MY\  a  position  alwut  10'  south  of  its  place  on  July 

^^pt     During  the  rest  of  the  month  it  moves  about  2'  in  the 

^Vame  direction,  reaching  a  point  about  so'  south  of  its  position 

in  early  June. 

Salum  inssed  conjunction  with  the  Sun  on  June  28th  and 
became  a  morning  star.  Its  distance  from  the  Sun  increases 
rapidly,  so  that  it  reaches  a  position  fit  for  naked-eye  observa- 
tion in  the  morning  twilight  by  the  middle  of  July,  By  Aug- 
t  i*t  it  rUes  before  3  ^.  m.,  and  at  the  end  of  that  month  at 
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about  I  A.  M.  It  is  moving  eastward,  about  8°  in  the  constella- 
tion Gemini,  about  io°  west  and  south  of  Castor  and  Pollux. 
Its  conjunction  with  Venus  on  July  17th  and  with  Mercury 
on  July  22nd  have  been  mentioned.  By  the  end  of  August  it 
is  about  6°  east  of  Mars. 

Uranus  is  in  fair  position  for  observation  as  it  comes  to 
opposition  with  the  Sun  on  August  6th.  It  is  in  the  constella- 
tion Capricorn  and  moves  about  2"  westward  and  southward 
during  the  two  months.  No  bright  star  is  near,  but  in  early 
July  it  is  about  2°  west  of  the  fourth-magnitude  star  iCapri- 
corni.  and  the  subsequent  motion  of  the  planet  carries  it  away 
from  the  star.  By  the  end  of  August  it  will  be  only  a  few 
minutes  east  and  south  of  another  fourth-magnitude  star, 
6  Capricorni.  It  will  be  occulted  by  the  Moon  on  the  night  of 
July  26-27th.  visible  in  the  United  States,  and  again  on  Aug- 
ust 23rd,  not  visible  in  this  country, 

Neptune  is  in  conjunction  with  the  Sun  on  July  23rd.  Its 
conjunctions  with  Mercury  and  Venus  on  August  4th  have 
been  mentioned.  , 


NOTE. 


The  next  number  of  these  Publications  will  be  issued  in 
the  latter  part  of  August,  instead  of  on  August  10th,  to 
permit  the  inclusion  of  an  account  of  the  proceedings  of  the 
August  meeting  of  the  American  Astronomical  Society. 

Publication  Committee, 


NOTES  FROM  PACIFIC  COAST  OBSERVATORIES. 


Ak  EuKMt  IN  Radial  Veukity  Observation's  Arising  from 
Xo.v-1'niform  Slit  Illumination. 

Some  observations  of  the  planet  I'eniis  seciircH  with  the 
j>prism  Mills  spectrograph  attached  to  the  jfviiich  refractor 
five  strong  evidence  that  an  imperfect  or  unsymmetrical  il- 
hintination  of  the  slit,  bj-  the  light  source,  may  introduce  error 
in  ibc  resulting  radial  velocities.  These  observations  were 
•ccored  when  the  terminator  of  Venus  was  nearly  a  straight 
fine.  The  slit  was  made  parallel  to  the  terminator,  and  was 
pfacefl  dihcr  just  inside  the  terminator  or  just  inside  the  sec- 
tion of  the  limb  immediately  opposite  the  center  of  the  termi- 
nalor.  a%  judged  from  the  image  of  the  planet  on  the  slit  plates. 
Ten  observations  of  the  radial  velocity  of  the  planet  were  ob- 
tained with  the  slit  just  inside  the  terminator  and  ten  with  the 
<Iit  jti«t  tn^iilc  the  limb,  with  the  pristn  box  and  camera 
rtirectol  to  the  west.  Tlic  spectrograph  was  then  rotated  180' 
about  the  axis  of  the  telescope  until  the  prism  box  and  camera 
pointed  east,  with  the  slit  again  parallel  to  the  terminator  hne. 
In  this  position  of  the  spectrograph,  nine  ohservatinns  were 
nude  with  the  slit  just  inside  the  terminator,  and  nine  with 
slit  just  inside  the  limb. 

In  the  first  position  0/  the  spectrograph,  that  is,  with  camera 
,  tile  ten  obser^-ed  radial  velocities  of  the  limb  minus  the 
if  the  terminator  had  an  average  value  of  — 0.51  ±  o.o8*" 
per  seeond. 

In  the  second  position  of  the  instrument,  that  is  with  camera 
cast,  the  nine  obser\-ed  radial  velocities  of  the  limb  minus  the 
nine  of  the  lenninator  had  the  average  value  of  -|-o.7Si 
0.12'"  per  sccooil. 

The  difference  of  the  two  mean  results,  1.26*".  is.  in  my 
opinion,  attributable  to  the  fact  that  the  slit  was  not  uniformly 
nominated  by  the  planet's  image.    Guiding  was  based  upon  a 
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nage  of  the  planet,  as  formed  by  the  36-inch  objective 
a  correcting  lens  one  meter  in  front  of  the  slit.    This    < 
correcting  lens  is  figured  for  the  blue  and  violet  rays.    Guid- 
ing was  chiefly  by  virtue  of  the  yellow  rays.    The  yellow  image 
was  undoubtedly  larger  than  the  blue-violet  image  to  which 
the  radial  velocity  measures  were  intended  to  relate.    The  slit 
was  probably  not  so  far  inside  the  boundary  lines  of  the  blue- 
violet   image  as   the   visual   guiding  image  indicated.     It  is    [ 
probable  that  the  blue-violet  image  was  so  much  smaller  than 
the  guiding  image   that  the   former  did   not  always  extend 
entirely  across  the  slit.    The  systematic  errors  are  in  the  direc-    1 
tion  explainable  by  the  assumption  that  in  half  the  observa-    , 
tions  the  image  was  stronger  on  the  east  edge  of  the  slit  than    ] 
on  the  west  edge,  and  vice  zvrsa  for  the  other  half  of  the  ob- 
servations.   The  slit  width  used  was  0.0014  inch  (0.036""'). 

Errors  of  the  same  nature  probably  enter  into  radial  velocity 
results  for  stars,  provided  the  observer  in  guiding  upon  the 
stellar  image  has  a  systematic  tendency  which  leads  him  to 
keep  the  center  of  the  image  nearer  one  edge  of  the  slit  than  the  i 
other,  or  in  case  the  image  is  not  symmetrical,  owing  to  faulty 
collimation,  atmospheric  refraction,  etc.,  or  if  the  adjustment 
of  the  telescope  is  such  that  with  the  progress  of  time  the 
stellar  image  drifts  systematically  off  the  slit  in  one  direction. 

A  hi^  degree  of  accuracy  calls  for  care  in  the  symmetry 
of  the  stellar  image  and  symmetry  of  the  image  with  reference 
to  the  central  line  of  the  slit  of  the  spectrograph. 

It  is  possible  that  atmospheric  dispersion  distorted  the  image 
of  I'ctncs  sufficiently  to  introduce  guiding  errors  in  the  radial 
velocities  of  the  planet  described  above. 

W.  W.  Campbell. 

Note  on  Comet  a  1915  (Mellish). 

Since  the  last  issue  of  these  Publications,  a  third  orbit  of  this 

comet  has  been  derived  from  observations  of  February  13th, 

February  27th,  and  March  19th,  all  of  which  were  made  bj 

Dr.  AlTKEN, 

This  orbit  shows  a  slight  change  from  that  mentioned  by 
Dr.  AlTKEN  in  the  April  number  of  this  magazine.  It  brings 
the  time  of  nearest  approach  to  the  Sun  forward  to  July  17th. 
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■tc  the  comet  will  be  just  a  little  more  than  unit  dis- 
"incc  fthc  mean  distance  of  the  Earth  from  the  Sun)  from  the 
>un.  Its  motion  is  in  a  plane  inclined  54°  to  that  of  the 
orlipijc.  The  nearest  approach  to  the  Eanh  will  be  June  5th, 
wben  it  will  he  distant  from  us  a  little  less  than  forty  milhon 
rtiilcs-  On  that  date  it  will  attain  its  maximum  brilliancy,  205 
times  that  at  discovery.  It  will  then  probably  be  of  about  the 
KCond  mag:nitudc.  At  that  time  it  wHIl  be  68°  south  of  the 
equator,  so  that  it  cannot  be  seen  from  this  latitude. 

The  orbit  of  this  comet  is  somewhat  similar  to  that  of  the 
iccond  comet  of  the  year  174S.  Computations  show,  how- 
ever, that  the  two  comets  are  probably  not  identical. 


R.  T.  Crawford. 


AsnoNouiCAL  Depastmei 
ifay  IS.  igis- 


COMPANIONS  TO  MeLUSH's  CoMET. 


^^^^Httepam  from  the  Harvard  College  Observatory  was  re- 

^^^^^^g^  May  tjth,  announcing  the  discovery  b)'  Professor 

^HIBNUn.  of  the  Yerkes  C)bservator>',  of  two  companions  to 

MelKsh's  Comet,  on  May  t2t)i.    One  of  these  was  described  as 

"conspictioiis.  2&"  from  the  nucleus  in  posit  ion -angle  285°,"  the 

r  as  "faint,  intermediate  in  distance  in  the  same  line." 

Unfavorable  weather  conditions  had  prevented  observations 

I  this  comet  here  for  the  two  weeks  preceding  May  12th,  and 

t  permit  a  verification  of  Professor  Barnard's  discovery 

I  night  of  May  14th.     The  12-inch  refractor  on  that 

wed  the  brighter  companion  at  the  first  glance,  but  haze 

,  titer,  clouds,  made  it  impossible  to  see  (he  fainter  one. 

My  measure  of  the  bright  companion  is : — 

May  14,  1915,  13*56";  distance,  35''.2  in  aSs'-Z. 

Acconling  to  this  measure  the  companion  is  slowly  receding 

from  ihe  nucleus.    Stormy  weather  has  made  further  measures 

■"^P*^*""-  R.  G.  A.TKES. 

May  ifc  19'i 
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Sevem  Spectroscopic  Binarti' 
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NOTES. 

A.  G.  C.  3881.— Two  plates  show  double  lines.  A  photo- 
graph taken  on  January  5th  gives  for  the  velochies  of  the  two 
components  — 41  and  +  81*".  Boss  3284.  The  third  spectro- 
gram showed  the  presence  of  two  spectra.  The  velocities 
given  by  this  plate  are  —70  and  +  S7'"°-  I^oss  5173. — The 
hydrogen  lines  in  this  star  show  great  variations  in  width  and 
intensity,  due  probably  to  the  presence  of  two  spectra.  A 
relative  displacement  of  about  150'""  between  the  components 
is  indicated  by  the  first  plate. 

All  of  the  photographs  were  taken  with  low  dispersion. 

Walter  S.  Adams. 

Three  Stars  with  Great  Radial  Velocities. 
The  following  stars  have  been  found  to  have  exceptionally- 
high  radial  velocities : — 


Mag. 

SpK. 

H.A.  1910         Dk.  19.0    « 

W.  3.3"  617 

7.2 

FS 

3h35n..8     -3°3i'    o''.78      +114'' 

W,  B.  I?*  514 

8.6 

Fi 

17   30  .4     +6     4    0  .s8     —148 

0-  Arg.  20A52 

8.1 

Gop 

20    18  ,3    —21    38    I  .21      —179 
Walter  S.  Ad. 

The  Spectrum  of  TTauri. 
A  recent  photograph  of  the  spectnmi  of  the  well-known  ir- 
regular variable  T  Tauri  shows  some  interesting  peculiarities. 
The  spectrum  is  compound  and  consists  of  a  considerable  num- 
ber of  well-defined  bright  lines  superposed  on  a  dark  line 
spectrum  of  about  type  F5.  The  fact  that  bright  lines  cover 
Hp,  Hy,  and  H  &nd  K  makes  it  difficult  to  classify  the  absorp- 
tion spectrum  closely.     Measures  of  the  photograph  give  the 


Astrtmufmical  Sucirtx  vf  ike  Pacific.  i 


:>,^ 


K-IiomTnc    m-a\t-ienirthf   far   the   liiigbi   line?.,   rcirrrrtri    inr 


7»^  - 

•  •  - 

4r" 

iwrj  re 

^10 

-i5- 

.tint  Cg 

^."- 

jr.- 

MTU 

j».:  r: 

•lo;  fj" 

04"^  -^'•" 

4ur.- .-;.- 

The  srrisJI  yCi^tt  oi  tht  neriitive  ^  i""  froir.  K  ic-  .rffi  pre- 
TCE15  mare  Acaaiaif  determmatinns      In  the  al>>c»rrcicir.  >T<^r- 

« 

trjrr  mimrrvicf  diirk  iixies  trt  present,  iiiclndnu:  a  ^^77.  4?^. 
an  !  ?cvcrst!  :•:  iht  fcrcimrcr  ircm  Imef . 

The  hrirfi!  Ime  *»7«Trrnrr.  oj  ihif  star  if  ver}  rji>se'iy  anklocviuf 
to  :ha:  •:.:  ihe  Wo'i-Rive:  ^uir  B  P  —  '^^•'  ^r'"^u.  Ktih  a>  re- 
£^r.is  the  i:tks  iresfTn  lti::  their  rhi-mner.  h  ?r:;^£:e>tf .  there- 
iV»re,  the  :re>mre  •:•:  lti  er:en>:\t  £trnc^:»hert  >ach  a?  i?>  knoiRiJ 
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w.  that  the  mairt  <»f  the  ?:tar  tillel  ef«*ent;al'y  the  whole  c*:  the 
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*     I 


1 


:  T.\^i 


\  j'h'.it'nrrai'h  f»f  the  Ifricht  Ime  rjel.n:la  X.  '^»  C  2cri8  wa- 
obtaine^?  recent  1\  *iih  the  ^'nall— In  <iecir<iirrafh  at  the  T«r:m- 
arv  ifica*  of  the  'iTfc-inrh  reflect f»r  Meast3re>  bv  Mr  Vi*\v> 
aii'l  Ml**  fJiit»U-L  of  the  two  nelralar  line^  A4<jro  and  A5C07 
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give  for  its  radial  velocity  reduced  to  the  Sun  a   value  of 
+  765""- 

SLiPHEJt  has  given  a  velocity  of  -f  1100'"°  for  this  nebula. 
Francis  G.  Pease. 

Radial  Velocity  of  "cue  Andromeda  Nkbula. 
An  excellent  spectrogram  of  the  Andromeda  nebula  was 
obtained  on  the  nights  of  November  12th.  13th,  14th,  15th  and 
l6th,  1914,  with  the  small-slit  spectrograph  at  the  primary 
focus  of  the  60-inch  reflector.  The  total  exposure  time  was 
thirty-four  hours  on  a  Seed  27  plate,  with  a  slit  width  of 
0.025""".  The  spectrimi  is  G  type,  the  more  prominent  lines 
extending  over  a  minute  of  arc  either  side  of  the  nucleus 
(slit  E-W).  The  mean  measured  velocity  given  by  nine  lines 
is  — ^ap*""  reduced  to  the  Sun.  The  plate  was  measured  by 
Mr.  Adams.  Other  values,  mentioned  by  Slipher  in  his  paper 
on  spectrograph ic  observations  of  nebula;  in  the  report  of  the 
seventeenth  meeting  of  the  American  Astronomical  Society 
are: — 

Woi.F —  JSo"""  per  sec. 

Wbight    —304        "       " 

Slipheh    —  300        "       " 

There  seems  to  be  no  evidence  indicating  the  presence  either 
of  bright  lines  or  of  a  rotational  displacement. 

Fran-CIS  G.  Pe.ase. 

Four  New  Vabiahle  Stars  in  the  Hercules  Cluster. 
In  the  globular  cluster  Messier  13  the  following  stars  have 
been  foimd  to  vary  in  light: — 


872  667  6  14  .2  -  U  -8 

The  third  star  of  this  list  is  the  northern  component  of  a 
close  double.  The  periods  of  all  are  probably  short.  Of  the 
thousand  brightest  stars  in  the  cluster,  only  two  others  are 
known  to  be  variables — Nos.  306  and  816  of  Ludendorff's 
catalog.  Harlow  Shapley. 
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NOTK  c 


1  THE  Periods  of  Close  Binaries. 


In  nrviewing  two  recent  statistical  studies  of  spectroscopic 
varies  in  the  April  number  of  the  Publicatiotis.  Mr,  Paddock 
^:i(l»  in  the  im'cstigalion  of  orbital  eccentricities  by  Jordan' 
possibtc  verification  of  Wicksell's'  conclusion  that  two 
-'iers  of  pcrio<l  exist  for  the  various  spectral  classes.  It  is 
■  <  occcisary,  however,  to  depend  on  spectroscopic  orbits  alone 
>'  a  further  examination  of  this  question,  for  the  only  data 
.(■ceMary  to  test  ihe  hypothesis  ;irc  the  periods  and  spectral 
■■[«»  of  close  double  stars.  We  may  combine  the  rostilts  for 
■th  eclip^ng  and  si>ectroscopic  binaries,  and  the  material, 
htfc  »till  homogeneous,  is  more  llian  doubled.  The  most  rc- 
i-itt  results  are  included  in  the  following  table : — 

IXICARITRU  OF  PERIOD  AND  SPEiTRAL  TYPE. 

— fcB  — »4    a.«     +«^  +o*   +1J  +!.<    +..0  +1.4    +..»  -t-M  + J.6      ToMi 

■n^   wlBtsiclatolOMtoMto  la      Ne.  ef 

—m^    M     +«^  +•.<  -f-.j  +..«  +*a  +..«  +»L»  -\.f»  +  J.«  +  *■•  BioKi- 
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,  It  is  seen  at  once  that  the  double  grouping  of  periods  has 
apfMared  (except  for  six  stars  of  spectrum  B).  W'c  should 
tuber,  however,  tliat  rather  complicatc<l  conditions  of 
1  have  influenced- the  present  lists  of  both  siwctroscopic 
wl  eclipsing  binaries,  so  that  any  statistical  conclusion  must 
t  to  some  extent  conditional  and  temporary.  The  frequency 
nres  and  a  fuller  discussion  of  the  subject  will  appear  in  the 
9it  number  of  the  Aslropkysicai  Jotimai. 

Haruiw  Shapu^v. 


>  FOR  I^I-EiSOR  LeI'SCHSER  AND  pROKESSOR  StEBBINS. 

[  The  Natio9»l  Academy  of  Sciences  at  its  April  meeting  in 

■•(fatngton  conferred  the  Watson  Gold  Meibl  upon  Professor 

lO.  LEtTscnNEH,  Director  of  the  Students'  Observatory,  I'ni- 

rsity  of  CaUfoniia,  in  recognition  of  the  ffrcat  value  of  his 

nrihpticms  to  the  theory-  and  practice  of  orbit  detemnnation, 

'•|>*W.  All.  Ot*..  S.  111. 

M  ^_.,     .._  •^■gift.^ii  .iHrattmi  «*  Fyiit.  n.  So.  t.  HI*. 
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special    reference   to    his    development    of   the    "Short 

[ethod," 

The  National  Academy  at  the  same  meeting  bestowed  the 
Henry  Draper  Gold  Medal  upon  Dr.  Joel  Stebbins,  Professor 
of  Astronomy  in  the  University  of  Illinois,  in  appreciation  of 
his  sustained  investigations  which  led  to  the  perfecting  of 
the  selenium  photometer.  Professor  Stebbins  liad  received, 
in  1914,  the  Rumford  Medal  of  the  American  Academy  of 
Arts  and  Sciences,  in  recognition  of  the  same  services. 

The  Lick  Observatory  is  pleased  to  recall  that  Mr.  Leusch- 
NER  was  a  special  student  in  the  Lick  Observatory  during  the 
years  1888-1890,  and  that  Mr.  Stekbins  was  a  Fellow  in  the 
Lick  Observatory  during  the  years  1902-04. 

Astronomy  at  the  Summer  Session,  UxivERsrrv  of 
California. 

An  unusual  opportunity  is  this  year  afforded  to  students  in 
other  universities  who  wish  to  gain  a  knowledge  of  the  theory 
and  practice  of  orbit  computation  as  developed  at  the  Students' 
Observatory,  Berkeley.  Professor  Lbu^chner  announces  that 
he  will  give  a  course  on  Orbit  Theory  and  conduct  a  seminar 
on  the  same  subject  in  the  Summer  Session  of  the  University, 
opening  on  June  21.  1915.  The  two  courses  are  open  to 
students  "familiar  with  the  differential  and  integral  calculus 
and  with  the  fundamental  principles  of  general  and  practical 
astronomy." 

Dr.  NicnoLSOX  will  conduct  two  courses  in  general  astron- 
omy during  the  Summer  Session,  one  for  students  without 
previous  knowledge  of  the  subject,  the  other  a  more  advanced 
course. 

Personal  NoTi",fi. 

Jtiss  Mar<;arkt  !lARW(M)r),  holder  of  the  Nantucket  Maria 
Mitchell  ,'\s.'iociation  Fellowship,  who  will  be  a  graduate  stu- 
dent in  the  Herkcley  Astronomical  Department  during  the  next 
academic  year,  will  spend  the  summer  vacation  months  in 
residence  at  the  Lick  Observatory. 

Mr.  W.  K.  Green  has  been  reappointed  University'Fellow 
in  the  Lick  Observatory  for  the  next  academic  year. 
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Mr.  R.  F.  Sanford,  Assistant  Astronomer  on  the  D.  O. 
yiUls  Foumiation,  with  residence  during  the  past  tour  years 
in  Chile,  has  resigneti  and  is  returning  to  the  United  States  in 
June.  Prior  to  his  connection  with  the  D.  O.  Mills  Expe<ii- 
tion,  Mr.  Santord  was  an  assistant  in  the  Carnegie  Institution 
Observatory  at  San  Luis,  Argentina,  « luring  three  years.  Dur- 
ing the  two  years  preceding.  Mr.  S.\nh)RD  was  a  Carnegie 
Institution  assistant  in  the  Lick  Observatory. 

Assistant  Astronomer  R.  E.  \Vil.^>n',  in  charge  of  the  D.  O. 
Mills  Elxpedition  to  the  southern  hemisphere  « luring  the  past 
two  years,  has  been  promote<i  to  the  p<3sition  of  Acting  .\stron- 
omer  in  charge  of  the  Expeilition  for  the  aca^iemic  years 
1015-17. 

Mr.  A.  --K.  Scott,  assistant,  in  service  with  the  D.  O.  Mills 
Expeiiition  during  the  past  year  and  one-half,  has  been  re- 
appoint e«i  for  the  next  academic  year. 

Mr  Seth  I».  \it;nML.«>N-  was  awanled  the  <legree  of  Doctor 
01  Philo«iophy  at  the  commencement  exercises  of  the  L'ni- 
vcr^ity  of  California.  May  12.  1015.  Dr.  Nicholson's  thesis 
m-a-  on  the  subject.  "The  Discover}-.  < Observations  an<l  CVbit 
of  the  Ninth  Satellite  of  Jupiter."  Thi<  thesis  i<  being  pub- 
Ii<he<i  in  the  Lick  Ohsenatory  Bulletin. 

In  thi<  connection  it  i<  a  plea-^ure  to  call  attention  to  the 
ver\  high  praise^  accordeil  to  Dr.  Nirin»u>;o\'s  announcement 
of  the  discovery  of  thi<  satellite,  in  the  <'>ctober.  1014,  number 
of  these  PuNications.  by  the  eminent  English  astronomer  who 
contributes  the  notes  "l-'rom  an  ('>xfonI  Note  B4.iok"  to  The 
f  *bst*rzatory. 

Another  F'h.FX  deirree  awarile<l  at  thi>  ci »mmencement  will 
he  of  intercut  to  astronomer^.  Mr.  I'.  E.  Pfjinot  made 
a'»tn>n«>my  ♦  celestial  mechanics  \  his  princi|)al  min«>r.  hi^  major 
subject  being  physics. 


Sc«   Tk4  ObM^rtmt^y,  April.   1015.  p.   i«ju 
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Revtkw:    Tke  Spectroscopy  of  the  Extreme  Ultra- 
Violet.^ 

This  interesting  book  is  a  history  of  the  extension  of  our 
knowledge  of  the  solar  spectrum  and  especially  of  the  spectra 
of  the  chemical  elements  into  tho^e  regions  of  short  wave- 
lengths known  as  the  ultra-violet  and  extreme  ultra-violet. 

The  human  eye  is  able  to  follow  the  solar  spectrum  into  , 
the  violet  to  the  vicinitj'  of  the  radiations  whose  wave-lengths 
are  designated  as  3900  Angstroms.  In  1842  Becquerel  photo- 
graphed the  solar  spectrum  500  units  farther  into  the  violet, 
to  3400  A.  A  little  later  Stokes  substituted  quartz  for  glass 
in  the  lenses  and  prisms  of  the  spectroscope,  and  a  fluorescent 
screen  for  the  Daguerreotype  plate,  and  by  these  means  he  was 
able  to  follow  the  bright  lines  in  a  laboratory  spectrum  into 
the  ultra-violet  possibly  to  1850  A.  The  solar  spectrum,  for 
an  observer  on  the  Earth,  seems  to  terminate  at  about  2900  A. 
CoRNC  attributed  this  limitation  to  the  absorption  of  our  at- 
mosphere, and  there  remains  no  doubt  that  this  explanation 
is  the  correct  one.  Mietiie  and  Leiim.\nn,  who  made  a 
special  investigation  of  the  subject,  concluded  that  the  limit 
of  the  solar  spectrum  in  the  ultra-violet  is  essentially  inde- 
pendent of  the  observer's  altitude  above  sea-level.  They  ob- 
served at  various  altitudes,  from  fifty  meters  up  to  4,560 
meters.  Their  results  for  the  extreme  altitudes  were — 
Berlin,  50  meters;  limit  of  solar  spectrum,  29t2.6A 

Mt.  Rosa,  4560  meters:  limit  of  solar  spectnim,  2912. lA 

WiG.\Nn,  who  photographed  thru  a  screen  (in  front  of  the 
slit  of  his  spectrograph)  which  was  transparent  to  radiations 
in  the  region  of  2900  A  and  opaque  to  other  radiations,  re- 
ported the  limit  of  the  solar  spectnim  to  be  at  2897  A.  Why 
the  solar  spectrum  is  cut  off  so  abruptly  at  this  point  is  not 
yet  fully  determined ;  some  investigators  ascrilje  it  to  absorp- 
tion by  oxygen  in  the  air,  and  others  to  absorption  by  ozone. 
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The  are  ami  spark  spectra  of  the  chemical  elements  are 
x-iUianl  in  ultm-violet,  and  they  have  been  observed  satisfac- 
urily  in  the  laboratories,  by  means  of  ordinary  concave-grating 
spectrographs,  to  the  vicinity  of  2000  A.  Spectrographs  con- 
omin^  glass  prisms  or  lenses  arc  useless  in  the  ultra-violet,  as 
lht>-  arc  opaque  to  the  radiations.  As  examples:  the  thin 
cover  glass  of  a  microscopic  slide,  placed  over  the  slit  of  a 
i|i(ctrot[r»ph,  will  limit  the  spectrum  at  about  2850  A ;  and 
Scuorr's  uviol  cover  glass  will  place  the  limit  near  2480  A 
Qoaru  prisms  and  lenses  i>ermil  a  further  extension  into  the 
akrs-vvolet,  but  fluontc  is  much  more  transparent  than  quartz 
in  this  region.  However,  the  atmosphere  surrounding  the 
ipectrograph  becomes  prohibitively  absorptive  at  about  1850  A. 
Sciil'iiANN  determined  that  radiations  at  1940  .\  may  be 
pboti^;raphctl  thru  fonrtecn  meters  of  air  and  a  fluonte  spec- 
tit)gni|)h,  whereas  radiations  at  1750  A  may  not  be  photo- 
f^pfaed  ihni  one  centimeter  of  air.  This  he  attributed  to  an 
uxygen  absorption  band  extending  from  1900  A  to  at  least 
1300  A,  He  founij.  further,  that  in  this  region  the  gelatine 
on  the  ortiinar)-  photographic  plates  prevented  the  radiations 
faHing  upon  the  plates  from  passing  on  to  the  silver  bromide 
immersed  in  the  gelatine  film. 

With  remarkable  skill  and  perseverance,  in  the  face  of 
_  difficuhics,  VicToB  ScntiM.VNS,  of  Leipzig,  deter- 

nnned  the  conditions  under  which  laboralor\'  spectra  of  gases 
and  metals  could  be  studied  in  the  region  1850  A  to  12,10  .'\, 
awl  be  apphcd  tlie  methods  with  great  success  to  the  spectra 
o{  the  elements,  especially  of  hydrogen.  He  used  fluorite  for 
the  optical  parts  of  the  spectrograph :  he  placed  the  entire 
(pectrojfraph  in  an  air-tight  case  and  exhau.sted  (he  air  to  a 
prefAurc  of  0,5  niillimcler;  he  used  spec  tally -prepared  dry 
pbtes  containing  a  minimum  of  gelatine,  and  dltTering  in  other 
respects  from  onHnary  plates;  and  the  apparatus  was  im- 
mertcd  in  a  water  bath  to  maintain  it  at  constant  temperature. 
The  mechanical  features  of  the  apparatus  were  remarkable 
for  their  refinement. 

Professor  I.vmas's  researches  of  the  past  decade  have  con- 
a  re-sur^'cy  of  the  Schumann  region  of  laboratory 
and  an  extension  of  the  study  to  a  region  of  still 
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shorter  wave-lengths.  Lyman's  tables  of  wave-lengths  extend 
to  1030  A,  and  recently  he  has  succeeded  in  photographing  as 
far  as  905  A.  He  uses  a  concave  Rowland  speculum  grating, 
radius  of  curvative  97  centimeters,  ruled  with  nearly  600  lines 
to  the  millimeter.  Schum.ann's  practices  of  working  in  vacuo 
and  with  special  dry  plates  are  of  course  followed.  Scmj- 
mann's  prismatic  spectrum  had  the  advantage  of  greater  bril- 
liancy, but  Lyman's  grating  spectra  had  the  very  important 
advantages  of  doing  away  with  lenses,  of  having  a  long  stretch 
of  spectrum  in  accurate  focus  at  one  time,  and  of  enabling  the 
wave-lengths  of  spectrum  lines  to  be  determined  very  ac- 
curately. The  positions  of  the  lines  were  determined  by  the 
usual  method  of  overlapping  first-  and  second-order  spectra, 
and  likewise  thru  the  ingenious  device  of  two  slits,  separated 
by  an  interval  of  several  centimeters,  as  light  sources  for  two 
corresponding  spectra  on  the  same  photographic  plate. 
The  volume  contains  observational  data  of  many  kinds: 

1.  Tables  of  wave-lengths  of  bright  lines  in  the  spectra  of 
hydrogen,  nitrogen,  carbon  monoxide,  argon,  aluminum,  cal- 
cium, strontium,  barium,  magnesium,  mercun',  silver,  gold, 
cadnium.  copper,  tin,  and  zinc;  principally  by  Lyman,  but  in 
part  by  Handke  and  Wolff, 

2.  On  the  absorption  of  ultra-violet  light  by  solids,  such  as 
glass,  quartz,  fluorite  and  rock  salt. 

3.  On  the  absorption  of  ultra-violet  light  by  gases,  such  as 
atmospheric  air.  nitrogen,  oxygen,  ozone,  carbon  dioxide,  car- 
bon monoxide,  helium,  argon,  hydrogen,  and  water  vapor. 

It  is  established  that  oxygen  in  the  atmosphere  is  the  chief 
obstacle  to  the  passage  of  ultra-violet  light.  The  part  played 
by  ozone  is  left  in  considerable  doubt. 

RiTZ  had  predicted  that  lines  in  the  "diffuse  series"  of  the 
hydrogen  spectrum  should  be  found  at  1215.6A  and  1025.7 A. 
Lyman  reports  the  presence  of  faint  diffuse  hydrogen  lines  at 
these  points  which  are  intensified  by  disruptive  discharge  thru 
the  light  .source,  whereas  the  other  hydrogen  lines  in  the 
neighborhood  are  weakened  and  blurred  by  this  process. 

Investigations  on  the  extreme  ultra-violet  spectra  of  the 
elements,  recently  conducted  by  Wolpf,  have  found  four  zinc 
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Imo.  fiT«  cacEmium  lines,  and  iwo  mercury  lines  precisely,  we 
~-ay  say,  where  I'asche?*  has  predicied  them. 

l.VMANs  recent  extension  of  the  rccordetl  spectrum  to  905  A 
las  been  obtained  chiefly  liy  the  use  of  a  condenser  and  a  spark 
pp  in  the  circuit  Mith  the  discharge  tube  which  aas  as  the 
S^  -Miurcc. 

The  bibliography  of  the  '"St>eclroscopy  of  the  Extreme 
LTtra-V'ioIet"  is  listed  extensively  and  very  usefully  in  ap- 
peodices.  The  volume  closes  with  notes  on  the  preparation  of 
4ry  pUtes  for  photography  in  the  Sciiuuann-L.ym.\n  region 
«f  apearum.  and  un  the  development  of  the  plates. 

ProfesMir  Lvuan's  book  can  be  consulted  with  advantage 
by  all  whu  arc  working  with  extreme  ultra-violet  radiations. 
W.  W.  Caupbeli- 


■  GlA.ST  ANU  DWAHF  StABS  ANIl  THK  ORr>FJ(  OK  STEI4.AR 

^L  E^-OLUTIOX. 

^H  In  |<J05  and  in  1910.  HtRTZSPtttNG'  |N>inted  out  the  exist- 
^^facc  of  two  orders  of  luminosity  among  the  stars  of  the  later 
Spectral  classes  and  distinguished  the  two  kinds  of  IxhIics  by 
the  names  giant  and  dwarf,  with  the  idea  that  their  difference 
ot  physical  constitution  is  at  least  tliat  of  si»e.  Since  then  our 
knowledge  has  increased.  esi>ecialty  as  \o  the  visual,  sjtectro- 
icDfMC,  and  eclipsing  binaries  from  which  many  of  the  physical 
pro(Kftic$  of  stars  and  stellar  systems  can  be  derived.  Rt/'ssEij. 
has  collected  and  discussed  all  available  data  and  has  not  only 
fopportcd  the  hypothesis  of  two  kinds  of  stars,  but  has  formu- 
taled  a  hyjiotliesis  of  the  order  of  stellar  development  to  ac- 
count for  the  giants  an<I  dwarfs.  He  first  announced  his  re- 
address  to  the  Royal  .Astronomical  Society  in  Lon- 
,  June,  191  j,'  and  mure  fully  explained  them  in  an  address 
^Sectton  A  of  the  American  Association  for  the  Advancement 
I  Science  at  Atlanta,  December.  1913.'  .About  this  time  En- 
HGTUN*  expre^sctl  the  oftlnion  that  the  prevailing  hypothesis 
I  the  order  of  development  from  type  II  to  type  M  was  quite 

ttr    H'UifmiiMillrki  PlwitttmthI*.  S.   44J.   ifsji    A0'4n.   KmK, 
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w  ported  by  the  relation  of  increasing  periods  in  binary 

s;  ns  and  of  increasing  average  peculiar  motion  of  stars  to 
the  order  B  to  M.  Russell"  responded  to  this  opinion  with  a 
statement  of  objections  to  the  present  order  B  to  M.  These 
objections  are  briefly  as  follows : — 

1.  It  is  generally  supposed  that  the  stellar  surface  tem- 
perature and  luminosity  decrease  together  from  class  B  to 
class  M.  But  it  is  found  that  certain  stars  of  all  classes  are  of 
similar  high  luminosity. 

2.  It  is  generally  accepted  that  class  E  stars  have  the  highest 
temperatures,  so  that  many  intermediate  stages  of  increasing 
temperature  between  diffused  primordial  matter  and  class  B 
stars  are  to  be  expected.  But  there  are  too  few  in  the  sequence 
O,  B.  .  .  M. 

3.  The  densities  of  class  B  stars  are  higher  than  expected  for 
earliest  stages,  in  fact  higher  than  that  of  the  Sun  expanded 
only  four-fold.  In  cooling  from  type  B  to  type  M  they  could 
not  decrease  in  density,  or  expand,  to  the  state  of  certain  later 
type  stars  of  extremely  low  density. 

4.  Gass  B  stars  are  more  massive  than  other  classes;  but 
it  is  not  probable  that  mass  diminishes  with  the  transition 
from  type  B  to  type  M, 

5.  The  observed  increase  of  period  of  spectroscopic  binaries 
with  advancing  type  is  strong  evidence  against  the  order  B  to 
M,  since  in  the  theory  of  tidal  evolution,  there  is  a  limit  to  the 
separation  and  the  period.  Long  periods  cannot  evolve  from 
short  periods.  Short-period  Iwnaries  formed  in  early  stages 
would  remain  relatively  short;  but  such  are  absent  in  classes 
K  and  M. 

6.  The  increase  of  average  peculiar  motion  of  the  several 
spectral  classes  is  unexplainable  by  the  order  B  to  M ;  but  it 
is  well  explained  by  the  hypothesis  that  velocity  is  greater  in 
proportion  as  mass  is  less. 

Russell  has  drawn  his  data  from  four  groups  of  stars: 
first,  300  stars  whose  parallaxes  have  been  more  or  less  ac- 
curately determined;  second,  150  members  of  the  moving- 
clusters  in  Taurus,  Ursa  Major,  Cygnus,  Scorpius,  whose  par- 
allaxes are  known;    third,   550  visual  binaries  whose  hypo- 

'Th€  Oblirvalary.  8T,  l?l,  IflM- 
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■  -inilUxes  and  absolute  magnitudes  are  derived  by  the 
.1  nieihod:   and  90  eclipsing  variables  for  which  Rus- 
1   SiiAi-LEY   have  derived  densities  and  hypothetical 
.;Kk»-ilics.     Plots  o{  the  luminosities  against  the  spectral 
A,  F,  G,  K,  \I,  for  each  of  the  four  groups  of 
■vs  show  similar  resulu :   namety,  that  the  early  class  stars 
arc  tbe  brighlest ;  that  the  later  class  stars  arc  both  bright  and 
bint,  whik  class  M  entirely  lacks  stars  of  iniemiediate  brigh% 
M96  of  tbe  order  of  that  of  tlie  Sun ;  aiul  finally  that  the  range 
oi  ImniniMity  increases  with  advancing  type  to  the  extent  of 
a  tDnHoa-foM.     The  data  of  visual  and  spectroscopic  binaries 
Aoxr  a  range  of  mass  of  fifty-fold,  of  mean  mass  only  thirty- 
told,  ani  of  density  a  great  range.    From  the  data  pertaining 
to  eclipsing  \'ariat>les   it   is   evident   that   surface   brightness 
Aminuhcs  with  advancing  spectral  type,  and  that  density  has 
a  letidcocy  to  increase  among  ihc  less  luminous  stars,  while 
WKMii;  the  most  himinous  stars  density  diminishes  enormously 
— u>  one-millionth  lluii  of  the  Sun.    The  range  is  more  than  a 
^ntDton-fold. 

^HiLamtno^y  is  affected  by  at  least  the  three  factors  of  mass, 

HlBr^v:^  brightness,  and  density.     The  facts  presented  above 

sBow  tbe  following  inferences:  The  observed  range  of  mass  is 

too  small  to  account   for  the  great  range  of  luminosity ;    if 

■trface  brigJttness  is  less  for  the  Liter  than  for  the  early  type 

Kar^.  that  factor  cannot  cause  the  great  luminosity  of  some 

of  the  b(er  lyjjc  stars;    since  great  ami  sufficient   range  of 

msity  is  observed,  density  may  well  be  the  factor  producing 

t  great  range  of  luminosity. 

ftTwo  poinu.  Ri:ssEl.L  thinks,  may  now  Ijc  gnuiied  at  least 

MTuionany;   namely,  that  these  rcstills  or  inferences  reprc- 

t  star*  in  general  and  tliat  in  accordance  with  liic  L-vne- 

i  law  for  gaseous  bodies  the  stars  under  the  action  of 

IpsvitAlinn  con<lense  and  increase  in  <lensity  continuously,  rise 

in  temperature  to  a  maximum  and  then  gradually  cool.    Upon 

Ihete  points  RissEU.  baseit  the  following  hypothesis  to  account 

lyiii'  the  two  orders  of  luminosity,  using  the  terms  giant  and 

^B^arf   (ur  the  ^tars  of  great  and   of  «jnall  luminosity,   re- 

^pKttvely:— 


Publications  of  the 

The  spectral  class  M  represents  the  earliest  as  well  as  the 
latest  tyi>e  of  spectrum ;  when  earliest,  the  star  is  of  huge 
proportions  with  extremelv  low  density  and  just  begi""i"g  to 
rise  in  temperature,  but  when  latest  the  star  has  reached  its 
last  stage  of  temperature  and  luminosity  and  nearly  its  greatest 
density.  The  classes  K,  G,  F,  A,  represent  intermediate  stages 
both  of  rising'  and  falling  temperature.  The  giants  and 
dwarfs  are  more  and  more  nearly  of  the  same  order  of  lumin- 
osity until  in  class  B  they  are  undifferentiated.  Class  B  rep- 
resents the  last  type  of  spectrum  and  the  highest  stage  of 
temperature  and  that  of  critical  density  at  which  a  contract- 
ing body  begins  to  diminish  its  heating  and  radiating  power. 
The  order  of  transition  will  then  be  M,  K,  G.  F,  A.  B,  A,  F, 
G.  K,  M. 

In  support  and  explanation  of  the  hypothesis  he  mentions 
the  following  points :  The  critical  density  corresponding  to  the 
maximum  temperature  was  estimated  by  Lord  Kelvin  to  be 
about  one-tenth  the  density  of  water.  Eclipsing  binaries  of 
classes  B  and  A  are  found  to  have  an  average  density  about 
one-sixth  that  of  water,  a  very  close  approach  to  the  estimated 
value.  The  similar  degree  of  luminosity  among  the  giants  of 
all  classes  may  be  due  to  the  counteractive  effects  of  increase 
of  density  and  of  surface  brightness.  The  apparent  scarcity 
of  intermediate  stages  of  increasing  temperature  between  dif- 
fused primordial  matter  and  class  B  stars  in  the  present 
sequence  of  types  is  obviated  by  the  proposed  sequence  and  it 
is  argueil  that  it  is  more  prolmble  that  the  giant  stars  represent 
the  early  stages  than  that  these  stages  have  ceased  to  exist. 
The  proposed  order  accounts  for  the  relatively  high  density  of 
class  B  stars  and  obviates  the  anomaly  of  class  B  stars  becom- 
ing giants  of  type  M.  Presumably  only  the  greater  masses 
may  attain  the  highest  temperatures.  This  is  substantiated  by 
the  well-e-stablished  facts  that  class  B  stars  are  the  most  mas- 
sive and  have  the  highest  temperatures.  The  smaller  masses 
may  not  attain  the  highest  temperature  nor  pass  thru  the 
entire  sequence  of  .spectral  tyjws.  Many  stars  may  have  their 
turning  points  at  K  or  G  or  F.  The  greater  numbers  in  suc- 
cessive classes  from  B  to  M  would  prol>ably  cause  a  diminish- 
ing value  of  average  mass  and  account  for  the  fact  that  class 
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B  stars  are  the  most  mas^sre.     The  oft^erred  >iL5tribcrtkna  o-f 

fpectroscopic  bcnaries  arui  their  perwis  m^T  be  exp^hirKif  thtis : 

The  fomadoa  oi  bcnaries  win  occur  n7X)re  treqcenilT  •iarms^ 

tht  nu<ldle  stages  of  cooiiensatioct  than  en  the  earli<<c  >ta^e<. 

so  that  binaries  will  be  m«>re  ottmeroas.  aib>i  jccm^g^^  aod  of 

shorter  period,  arrwcg  5tar>  in  the  mi<l<lle  5ta;2:es  of  traifc^TcEocL 

Oas>  B  stars  actnaGy  show  the  greater  ntirrJ>er  oi  btnaries 

and  the  shorter  period?.     The  explanation  of  the  increaie  of 

mean  peculiar  velocity  of  the  classes  frc-cr.  B  to  M  apoa  the 

h^-pochesis  that  Telocity  i>  greater  in  proporti^xi  as  nass  fc> 

less,  in  connection  with  the  proposed  orier  of  spectral  traosi- 

tjon.  is  substantiate^!  bv  the  observed  <f:r:rnifhin^  increrrjent 

of  the  velocTtv  from  class  to  class :  in  ocher  words,  the  average* 

of  the  rr.can  peculiar  velocities  of  rhe  giants  in^i  -iwarfs  in 

lh<i>e  classe>  in  which  they  are  sepQ.rate'I  :s  \tr\  nearly  of  the 

same  \-alue. 

The  new  h\'pothes:s  takes  into  account  quite  satisfactorily 
many  hitherto  unexplained!  points.     But  one  ver>-  unportant 
point  is  untouched.     Two  incontrovertible  facts  are  before  us 
which  mu«i  be  taken  into  account  in  an  acceptable  h>-pothesis 
of  stellar  evolution.     First,  nebulosity  is  found  associated  only 
with    spectral    t>-pes    B   and    O.      Seconal,    spectral    type    M. 
whether  pertaining  to  the  iriant  or  dwarf  character  oi  star,  is 
not  known  to  be  connected  with  nebulosity.     The  new  hyjxv 
thesis  ha-  searche*!  for  early  stacres  between  primordial  mat- 
ter, presumably  nebulosity,  and  class  H  stars,  but  it  has  not 
found  sta^e^  pre\*iou^  to  its  owti  earliest  forms,  the  s:iants  of 
cla^*  Nf .     If  the  M  t>-pe  sriants  transfoim  to  the  I>  type,  a  cause 
must    be  di«crkvere«l   either   for  the  production   of  nebulosity 
about  them  w  the  latter  stacre.  or  for  their  intro«luction  into 
netnilosity.    Since  the  j^nts  ^hare.  in  part  at  least,  the  peculiar 
velocitv  of  the  later  cla^^  star^.  the  loss  of  this  motion  would 
have  to  be  accounted!   for  upon  their  attainment  of  spectral 
t%'pe  H.     A  crucial  f»oini  i^.  WTiat  part  doe-^  nebulosity  play  in 
the  physical  transition  of  stars,  and  it  may  be  asketl.  whether 
nelmlosity  may  or  may  not  province  particular  spectral  eflfects 
or  tx-pes,   irrespective  of  the   effect<i   proceelinij  out   of  the 
physical  transition  in  accordance  with  the  L.we-Ritter  law. 

May,  1915-  G.  F.  P.\ddock. 


GENERAL  NOTES. 


Simplified  Spelling. — In  the  April,  1915,  number  of  The  Ob- 
servatory, the  editor  of  the  notes  "From  an  Oxford  Notebook" 
quotes  a  sentence  from  the  Publications  A.  S.  P.,  and  com- 
ments,^— "More  than  one  correspondent  has  drawn  my  atten- 
tion to  the  modern  .American  spelling  and  asked  for  a  protest; 
but  in  questions  of  taste,  such  as  the  spelling  of  'thru,'  there 
is  much  to  be  said  for  letting  every  one  choose  for  himself," 
For  this  mild  approval  of  the  very  few  and  conservative  re- 
formed spellings  adopted  in  these  Publications  the  editors  are 
duly  grateful.  A  mis-print,  commented  on  by  the  Oxford 
astronomer,  warns  us,  however,  that  it  may  be  well  to  state 
just  what  simplifications  are  intentional,  lest  we  be  credited 
with  greater  radicalism  than  is  our  due. 

To  express  our  approval  of  the  movement  to  effect  some 
degree  of  reform  in  our  spelling  we  have  decided  to  adopt  the 
spellings  the,  altho,  thru,  thru-out  thoro,  enuf,  program, 
catalog,  and,  in  general,  the  simpler  of  any  two  "authorized" 
forms.  When  spellings  like  "unforseen"  are  encountered, 
credit,  or  the  lack  of  it,  should  be  given  to  the  proof- 
reader. 


The  eighteenth  meeting  of  the  American  Astronomical  So- 
ciety will  be  held  in  joint  session  with  the  meeting  of  the 
American  Association  for  the  Advancement  of  Science,  at  San 
Francisco  and  Berkeley,  Cahfornia,  .August  2-7,  1915.  The 
program  arranged  by  the  local  committee  is  as  follows : — 
Monday,  August  2itd — 

The  first  general  session  of  the  .'Vmcrican  .Association  for 
the  Advancement  of  Science  will  be  held  in  San  Francisco  at 
10  .A.  .M.,  and  will  inchule  the  addresses  of  welcome  and  re- 
sponse, and  the  President's  address.  .\  reception  to  the  mem- 
bers of  the  .\.  A.  .\.  S.  and  affiliate<l  societies  and  members  of 
their  parties  will  be  held  in  the  evening. 

Subsequent  meetings  of  the  Society  and  meetings  of  the 
Council,  unless  otherwise  stated,  will  be  held  in  the  Students' 
Observatory,  Berkeley,  Cal. 
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Tuesday,  August  3rd — 

<4  A.  M.    Meeting  of  the  Council. 

10  A.  M.  Joint  session  with  Section  A  of  the  A.  A.  A.  S.  and 
the  American  ^fathematical  Society,  presided  over  by  the  vice- 
president  of  Section  A,  to  hear  aiidresses  by  Professor  George 
E-  Hale  and  Professor  C.  J.  Keyser.  Section  B  of  the  A.  A. 
A.  S.  and  the  American  Physical  Society  have  been  invited  to 
attcmd  this  session. 

2  p.  M.  Joint  meeting  with  the  Astronomical  Society  of  the 
Pacific.  For  a  part  of  this  meeting,  the  President  of  the  .\.  S. 
P.  will  pre>i'Ie.  during  which  time  the  Bruce  Gold  Medal  of  the 
A.  S.  P.  will  be  presented,  and  papers  by  men  who  are  mem- 
bers of  both  astronomical  societies  will  be  read. 

ll'ednrsday.  August  ith — 

The  A.  A.  A-  S.  and  affiliated  societies  will  make  an  all-<lav 
exctir-^ion  to  Stanford  L'niversity.  It  there  is  press  of  papers 
a  session  tor  their  presentation  may  be  held  there. 

Thursday.  Aui:ust  ^th — 

fi  A.  M.     Meeting  of  the  Council. 

10  A.  M.     Meeting  for  the  presentation  of  paper-.     Xominat- 
inij  liallots  for  officers. 
2  F.  M.     Papers. 

Fnday.  August  6th — 

ICxciirsion  to  the  I-ick  <  Jbservatorv.  to  include  member'^  of 
the  A.  A.  S.  and  Section  .A  of  the  .A.  A.  .\.  S. 

There  will  be  no  formal  eveninc^  ^^^-^ion^  of  the  fKKiety. 
There  are  general  sessions  of  the  A.  .A.  .\.  S.  for  addresses  or 
formal  lecture^  on  all  evenings  exce[»t  Wedne-^'iay.  which  is 
therefore  available  for  dinners,  reunion-^,  etc..  a-  may  be  ar- 
nini:e<i. 

\  conver-azione  for  the  infonral  exhibition  of  photo'^rat^h'^. 
lantern  -lide-^.  and  other  illustration^  of  astronomical  work 
will  \k  arrange*!,  the  time  to  be  announced  on  the  detailed 
'•"♦•'jram  for  the  meeting. 


It  i*  announce*!  in  Sature  that  the  Gazette  Astronomique. 
:he  monthly  bulletin  of  the   Antwerp   .\stronofnicaI   .^^iety. 


1  Publications  of  the 

publication  of  which  was  necessarily  iliscontinued  last  autumn, 
is  to  be  published  in  England  if  sufficient  financial  aid  is  given. 
The  first  number  of  the  new  series  has,  in  fact,  been  issued. 


We  regret  to  record  the  death,  on  March  27,  1915.  of  Lady 
Margaret  Lindsav  Hl'ggins.  From  the  date  of  their  mar- 
riage in  1875,  she  was  an  enthusiastic  collaborator  with  the 
late  Sir  William  Huggins  in  his  fruitful  spectroscopic  re- 
searches. "For  thirty-five  years  they  labored  together  and 
the  numerous  papers  bearing  their  names  as  joint -authors  com- 
manded the  admiration  of  the  scientific  world." 


Dr.  Carl  G.  Abbot,  Director  of  the  Astrophysicat  Observa- 
tory of  the  Smithsonian  Institution,  has  been  elected  a  mem- 
ber of  the  National  Academy  of  Sciences. 


Dr.  S.  A.  Mitchell,  Director  of  the  Leander  McCormick 
Observatory  of  the  University  of  Virginia,  has  been  appointed 
Ernest  Kempton  Adams  Research  Fellow  by  the  trustees  of 
Columbia  University. 
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[.  B.  C  Ansn  F'fUm 

t.^   P-  T«*nn   Firm  VittJ-ttttdnt 

L  X,  Com*   Srt»^  yur-pmtdtmt 

K  W.  V.  C«una   nM  ytr^wtrndrmi 

I  Dk  S.  »ICMtnmm   SttrtUrj  tmd  Tnajwrr 

m^  tt  I>irMMr*— 3la«.  W.  W.  Cumni.  W    IL  Cucra.  C.   S.  CnMiin, 
J.  CfOT*.  F.   V.  Caaiin.  &  &  BtCBua«n.  IL  &  AtistB.  Csuui  Bcks- 

*L  O.  Lacitaua.  S.  D.  Tovaui.  A-  H.  Mmkyaii. 

■  iim — Moan.  K.  G.  AtnoB.  B.  D.  Cimii. 
lAiM— Monv,  C  5-  CcwBc^  W  H-  Cmxkb.  A.  B.  Muewut. 
CamrtMrda  C*— Oif*— Mem  W.  W.  Cunwu.  K.  H.  Teem.  B.  D.  Crnu. 
ri>»j  CiMii*tn    ittwn.  It.  S.  Riounwa.  F.  V.  Couiut.  A.  O.  Uckbiics. 

Anlrb  VIII  W  lh«  kr<-««  •>  (^  fixinr.  u  aBmled  »■  laai.  nad*  M 
trfWn:  -I^Kk  MttM  BLMbrr  lAd  wi.  ••  unal  diwk  the  u  •<  in  dtOar^ 
4ot  ■■  tte  tm  4n  •!  Jiimrj  «Kb  rcu  ia  aatmce.  Wlm  ■  dc*  Btabv  i* 
■iK»l  4iMn«  *c  im  «w««r  of  imf  jrai.  kc  itall  ^t  IuO  ten  far  wrt  Tft: 
mhm  tiKtirf  *«ri«|  >W  Hcsod  qnutB.  W  iksll  Da*  fhm  fsank*  asly  of  (Kb 
tmwti  wkes  ilrwil  4arl^  Ika  ihtrt  fwracr.  W  (baU  faj  vh  kalf  ool;  •(  Mtk 
^—  .h_  I  ■  I  ifaiiiM  Ac  IM  «H<tei.  be  (hall  par  on  feonti  sKlr  nt  (Mb 
>.  tkM  «  taU  Hlr  »(  (br  <lwa  in  ibia  anicte  >raiMid 

■ ^..   -^  at^ol.  t  Mftn-  wwilar  towiwlton  of  teat^i^  AiriM 

4aM  bf  iba  Mrw«  o'  *(tr  Mlar*  M  tmr  mm  liac.  aaj  placed  «■  **  rail  ol 
Ma  —^m  V  tha  <«■  of  cb*  BaanI  of  tflncttm.  .  .  .~ 

^•rfaati  Im  pmI  r«r*  vfll  he  amiicrf  w  ■■■tan,  aa  far  aa  Ibc  aaock  M  baad 
■a  Marttm.  OB  tW  *■!<■■■«  il  rvs  iiBan  prr  ntaac  (a  dthcr  ol  (be  Sc*r*Mrte*. 
S^lt  cofiaa  aai  be  laoilliJ  •■  Ac  MBaaiaa  taaia:  oaa  deOer  to  MO-aeabm. 
■««•(»-&*(  (cam  la  daalm  aaJ  Cftr  ««>  »  ■■■*ne. 

Miwbara  vfibiH  tW  UaiMd  Sla*aa  aar  •«•><■  beola  b«H  Ibe  Bbeaar  of  Aa 
SatMij  br  wtidM  ■•  tba  Stvntrf  Ma  onoa  imrioi  fa*  cKb  boab  ifttr* 

na  ai^^r  iiTAkk  paycra  an  priaart  la  tba  PafttaWeM  ia  datUnl  a^th  br 
liana >>■»«■  la  taanaL  tbaac  papan  an  ptiMad  inl  ahicb  M«  eafUm  acupwd 
far  paMintlim.  P**(ra  limn  ti  If  be  prtaMd  la  a  ■«*«■  auabar  of  Ihc  PaUn- 
MMajkMM  k(  to  Iba  ^aiidajflba  Cajaillai  "otJiaaT  An  Ar  *««b  of  tta  Matt 

^Pi»m  dialed,  aad  larSa  h!.^  of  tbaif  rayrwaJM.  raata  >iA  tka  vnM<*.  aad 
I.  .M  I     I  ba  ite  Sedaer.     AnWaa  foe  (he  raMMMaai  abaoM  be  eeM  M  (ba 

Ma  oa  PabHcalaea.   K.  a  Anna.  UA  OtaarvaMx.   Ht. 

— , —   _  — _-T  anide*  aiiyeaTlBc  ia  ibc  P^Htefi^wt  irlil  br   faraiabeJ 

(rt*  of  caae.  a«lbo«l  eanrv  U  the  aaatar  of  iftr  capiaB,  pntUod  tb«  iliaui  far 
wh  np'tan  ti  Mda  Bi  ike  itae  tbr  aBBaarrtn  M  artiwfcied.  Bladb^  Wwr 
»«n.  or  caplap  la  oeiaa  of  fiby.  •«  ba  famriliad  at  cart  prfca. 

tanlar  i«Ai|J  of  1W  SotWiy  an  biU  la  ¥m  PraiK^  or  vkteaT  ■■  tba 
«(  htanlm  ofliaatrr.  MarA  laa^  aad  Wmr^lar.  aad  ai  tba  IJdi  Otarrra- 
wrr  aa  ite  laal  Salandn  of  AB«aM.  Xrabon  oW  prvfaaa  to  aitcsd  o  lanliM  ai 
Maaat   HuaMtna   AoaU  le— iiitMo  aieb  tba   ScRctatr-Trcaaam.   la   arda*  thai 

FUBUCATtOS'S    ISSUED    KI-MOSTHLY. 
f/i>na»|,  Afnl,  Jmmr.  AmtmH,  Onabrr.  OwAnArr.) 
MHMol  br  tba  Aauoaaaial   Sodrir  al  iba  PaeiSt  «  ru   Fbdaa   BaUlii» 
fcM  Pnactaea^  CaHrarriia.     Sabarr%«iea  prkc.  >t.aa  per  faai. 
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ADDRESS    UPON    THE    rRESENTATION    OF    THE 

BRUCE  GOLD  MEDAL  TO  DR. 

W.W.CAMPBELL.' 

Bv  Russell  Tiacv  Cinw  rona 

'"Evcrj-  career  has  its  aspirants,  who  pay  their  res|wcls  to 
thcMc  who  have  reacheii  ihe  goal."  And  so  we  are  nathercrl 
here  on  ihis  occasion  to  pay  our  respects  to  one  who  has 
reached  a  place  amonc;  the  eminent  in  astronomy.  Tlie  Bruce 
Gol<I  tncilal  is  awarileil  hy  this  Society  for  "distinguished 
i  to  astronomy."  and  the  statutes  relating  to  its  be- 
-a1  require  that,  at  the  presentation,  an  account  shall  be 
tdered  of  these  dislingiiishe*!  services.    That  Dr.  C.\mpbell 

•  rcndcreil  such  services  no  one  the  least  conversant  with 

•  science  of  astronomy  will  question.     H.  perchance,  there 
d  be  a  doubter,  I  aiivise  such  a  one  to  read  nur  MeiLilist's 

«t  book,  "Stellar  Motions."  and  "forever  after  hold  his 
Therein  is  to  be  found  a  wealth  of  material  and  dc- 
nions  from  his  years  of  work  with  the  spectrograph,  a  most 
wrrful  inMrunient  in  his  hands. 

''Success."  wrote  Victor  Hitco,  'is  a  very  hideous  thin(j. 
1  its  resemblance  with  merit  deceives  men."  In  the  awanl 
r  tbc  Bniec  Gold  Medal  deceit  can  play  no  part,  as  i,~an  be 
(when  the  method  of  making  the  selection  of  medalist 
Here  success  and  merit  must  go  hand  in  hand. 
f  be  sure  tliat  anyone  who  attains  success  thru  any- 
at  merit  can  never  receive  this  medal. 
I  Dr.  Campbei-l  have  been  awarded  four  other  medals. 
.  tbc  Lalande  in  1903.  the  Royal  .Astronomical  Society  in 
I.  the  Draiwr  in  1906,  and  the  Janssen  in  1910.  The  address 

of  Ihe   Amrr^cin 
i&(,  at   Uiilwlf]'. 


Publications  of  the 

Jent  W.  H.  Maw  in  awarding  the  Gold  Medal  of  the 
Koyal  Astronomical  Society  is  an  excellent  account  of  our 
Medalist's  distinguished  sen-ices  up  to  1906.  In  my  account 
I  shall,  therefore,  simply  summarize  what  President  M.\w  has 
said  so  well,  and  dwell  in  particular  only  on  matters  that  have 
been  developed  since  igo6. 

First  and  foremost  are  mentioned  Dr.  Campbell's  deter- 
minations of  stellar  velocities  in  the  line  of  sight,  and  his  work 
on  spectroscopic  binaries.  He  is  easily  recognized  as  a  leader 
in  these  investigations.  The  improvements  and  refinements 
made  in  the  spectrograph  by  himself  and  his  colleagues  have 
led  to  such  a  degree  of  accuracy  in  his  radial  velocity  de- 
terminations that  Dr.  Campbell  has  been  able  to  detect  a  varia- 
tion of  velocity  with  the  Mills'  spectrograph  of  an  amount 
smaller  than  the  probable  error  of  a  determination  with  most 
other  instruments.  President  Maw  says  in  this  connection, 
"The  development  of  this  branch  of  spectroscopic  astronomy 
has  thus  only  been  secured  by  the  gradual  introduction  of 
various  instrumental  refinements,  combined  with  the  recogni- 
tion of  the  sources  of  error,  and  the  exercise  on  the  part  of 
the  observers  of  care  and  skill  of  the  very  highest  order." 

In  April,  1905,  Dr.  Campbell  issued  his  first  catalog  of 
spectroscopic  binaries.  In  the  words  of  President  Maw,  "a 
catalog  which  is  in  itself  ample  evidence  of  the  importance  of 
the  work  done  by  our  Medalist." 

By  February,  1906,  the  radial  velocities  had  been  deter- 
mined of  about  500  stars  at  the  Lick  Observatory,  and  of 
about  200  stars  at  the  D.  O.  Mills  Observatory  in  Chile.  "The 
whole  of  this  extensive  and  most  important  work  has  been 
inaugurated  by  our  Medalist,  and  carried  out — much  of  it  by 
himself — in  accordance  with  the  program  he  had  drawn  up," 
writes  Dr.  Maw.  And  I  may  add  that  to  date  this  output  has 
been  practically  doubled. 

An  interesting  by-product  of  this  work  was  Dr.  Campbell's 
discovery  in  August,  1899,  of  the  triple  character  of  Polaris. 

One  of  the  several  problems  Dr.  Campbell  had  set  for  solu- 
tion in  connection  with  his  radial  velocity  work  is  that  of  find- 
ing the  Sun's  way.  In  1901  he  had  the  results  from  280  stars 
with  which  to  make  a  first  rough  determination.     He  found 
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the  Sun  to  be  traveling  with  a  velocity  of  19.9  kilometers  per 
'ccond  toward  the  point  in  the  sky  a  =  277°. 5  and  8  =  +  20^. 
7hi>  declination  differs  about  15^  from  that  ascribed  by  Xew- 
C')MB.    Dr.  Campbell  attributed  this  to  the  fact  that  his  stars 
•ere  not  uniformly  enuf  distributed  over  the  sky.     He  then 
realized  that  he  must  have  the  radial  velocities  of  stars  in  the 
southern  hemisphere  which  could  not  be  reacheil  from  the  Lick 
t  »bscr\-ator\'.    This  led  him  to  the  establishment  of  the  D.  O. 
.Mills  Observatory  in  Santiago,  Giile.     **The  organization  of 
thif  expedition,  says  President  Maw.  **may  well  be  cited  as  a 
*»p»Iendid  example  of  the  thoroness  and  vigor  with  which  our 
Me<Ialist  attacked  an  important  problem."     In   19 10  he  had 
a\'ailable  the  results  from  1047  stars  fairly  well  distributed 
with  respect  to  the  two  hemispheres  from  which  he  <Ieduced 
a  vefocity  of  —  1777  kilometers  per  second  toward  the  point 
«  =  272-  o'.  S  =  4-  27^  26'.     In  March.  191 1.  the  elements  of 
the  <olar  motion  were  re-determined  according  to  a  rather  ex- 
tensive program.     (Cf.  Stellar  Motions,  pg.  209.)  Based  upon 
1 1«*3  stars.  V„  =  —  105^".  o  =  268-. 5.  8=4-  25^.3.     From 
hi^  various  solutions  wherein  the  stars  were  grouped  accord- 
ing: to  spectral  type  Dr.  Campbell  concludes.  **The  resulting 
velocity  of  the  solar  motion.  \\,  appears  to  be  a  function  of  the 
spectral  class  of  the  stars  upon  which  it  rests,  at  least  as  far  as 
the  brighter  stars  are  concerned." 

Another  interesting  result  from  these  investigations  is  the 
relation  between  the  velocity  of  a  star  in  space  and  its  bright- 
ne^'-i.  Of  Dr.  Campbell's  earlier  work  President  Maw  calls 
attention  to  his  investigations  of  the  Wolf-Rayet  stars,  and 
numerous  spectroscopic  results  of  minor  im|>ortance. 

To  organize  and  carr\'  thni  to  a  successful  conclusion  an 
eclipse  expedition  requires  a  mind  that,  like  the  chess  master's 
can  see  many  moves  ahead.  Dr.  Campbell's  experiences  on 
numerous  journeys  to  observe  eclipses  have  now  put  him  into 
a  position  to  organize  such  an  expedition  so  that  every  screw, 
nail,  board,  lens,  can  of  meat,  or  anything  else  that  may  be 
nce^leil  is  fully  pro\'ided  for;  just  what  is  necessary,  and 
nothing  that  is  not  necessar>'.  When  one  reads  his  charming 
account  of  the  expedition  to  Flint  Island  one  realizes  how  very 
much  of  the  success  of  eclipse  observing  is  due  to  this  genius 


Publications  of  the 

for  organization.  Those  who  have  been  fortunate  enuf  to  hear 
our  Medalist  lecture  about  such  an  expedition  have  been  pre- 
sented with  many  interesting  side-lights  concerning  them  which 
bring  out,  even  more  clearly  than  his  written  accounts,  his 
forethought  in  planning  and  resourcefulness  in  carrying  out 
his  program.  In  addition  to  this  power  of  organization  there 
stand  to  his  credit  many  ingenious  arrangements  for  observing 
eclipses.  To  quote  again  from  President  Maw,  "It  is.  in  fact, 
impossible  to  overrate  the  importance  of  the  influence  which 
our  Medalist  has  exercised  on  the  eclipse  expeditions  which  , 
have  during  recent  years  been  sent  out  from  the  Lick  Ob- 
servatory; and  probably  only  those  who  have  taken  part  in 
such  expeditions  can  fully  appreciate  his  powers  of  organiza- 
tion, and  his  skill  and  resourcefulness  in  devising  special  lines 
of  research  and  instrumental  means  for  rendering  such  re- 
searches practicable." 

President  Maw  calls  attention  to  our  Medalist's  researches  ( 
in  the  spectra  of  nebulas,  the  orbit  and  parallax  of  Sirius, 
spectra  of  comets,  and  spectroscopic  characteristics  of  tempo- 
rary stars. 

One  of  our  Medalist's  greatest  contributions  to  the  cause  of 
science  is  in  his  upsetting  the  old  idea  that,  as  Sir  G.  H.  Darwin 
stated,  "A  mere  catalog  of  facts,  however  well  arranged,  has 
never  led  to  any  important  scientific  generalization."  This 
theme  has  been  so  well  developed  by  Professor  Turner  in  his 
Presidential  .Address'  before  the  B.  A.  A.  S.  in  191 1  that  I 
shall  not  dwell  further  on  it  here. 

When  Dr.  Campbell  commenced  his  wonderful  series  of  ob- 
servations for  radial  velocities  he  had  in  mind  the  solution  of 
four  or  five  definite  problems.  But  he  never  dreamed,  I  am 
sure,  that  they  would  ultimately  lead  him  to  make  the  astound- 
ing discovery  that  the  older  a  star  is,  the  greater  is  its  speed. 
Of  this  Professor  Eddington  writes,  "We  may  well  regard 
this  relation  of  age  and  velocity  as  one  of  the  most  startling 
results  of  modern  astronomy." 

Averaging  the  velocities  of  stars  of  the  same  .spectral  type 
f according  to  Secciii's  classification).  Dr.  Campbell  found 
this  progression  and  announced  it  in  the  Silliman  lecture  of 
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■incaiy  31.  i«ao.  Hiii  wonlh  are.-  '*Tlie  proi;re<Mon  ot  avcT- 
2Cf  vciocitv  with  a<ivandnc:  -^pectnil  npe  is  clear  ami  nnini:-- 
UiaMe.'*  Then  to  Ix:  more  convincinij:  he  tells  us  that.-  *Ke- 
tarnnwr  to  Mount  Hamilton  on  Fel)nian'  J4,  loio.  L  ha«i  the 
reJociccs  with  reference  to  the  --teilar  ^y*-tem  tabiilate^i  on  tiie 
Itt^t*  of  the  Harvartl  clas-itication  «)t  -pectra.  as  follows: — 

Soecrral  OasM**-  >.':imi)«rr  >!  '^Kir-.  Volocitu*-. 

* »  ami  B  141  ^.'Mr"» 

A  i.u  'J-'U 

F  F  ^)  rj.'X) 

*"»  an«I  K  5 JO  •>• - 

M  7  J  :f  ^:: 

Nebulae  <  Keeler  '  r.5  -j.-i 

The  mcrca;^  of  stellar  velocity  with  a<ivancin:::  type  was 
*een  to  hoM  on  the  E-£arvani  cIas!*irication.  as  well  as  tor  the 
Secchi  classification  up«">n  which  the  •iiscovery  ha*!  I^een  rria^ie. 

It  was  a  surprise  to  find  the  a  venule  velocity  ot  the  thineen 
odbabr.  as  observed  by  Keeler,  in  excess  ot  the  avera;;;:es  tor 
the  stellar  spectral  types.  This  may  or  may  not  indicate  that 
the  number  of  nehalx  available  is  t(X)  -mall  to  sfrve  a>  a  basis 
lor  a%erajges.  If  from  the  list  of  thirteen  nebula?  we  remove 
the  Ori4m  nebulae,  which  has  radial  velocity  nearly  zero,  the 
arcra^je  resi<hial  radial  velocity  for  the  remainimj  twelve 
oebabe  is  in  excess  of  25*".  Here  we  may  have  evi«Ience  of 
fn^at  strength  and  importamrc  in  support  of  a  hypothesis  that 
the  planetary  nebulae  have  been  forme*!  from  stars  thru  pro- 
cesses arising  from  collisions  with  or  close  approaches  to  other 
massire  bodies.  The  zero  velocity  of  the  Creat  Sebula  in 
Orion  is  not  oat  of  harmony  with  the  hypothesis.*' 

This  startling  and  important  discoverv-  has  made  necessary 
a  reorganization  of  the  lines  of  thought  in  stellar  evolution  and 
cosmogony.    Its  effects  are  far-reaching. 

D.\Kwix  demanded,  as  Professor  Tlhner  points  out,  a 
theory  as  a  necessity  for  the  advance  of  science.  Here,  how- 
ever, we  have  a  weighty  advance  of  science  and  no  theory.  A 
theory  is  now  to  be  sought  to  account  for  the  observed  fact. 
I  am  sure  Dr.  Campbell  thinks  he  has  advanced  no  theorv.  but 
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a  reading  of  his  Stellar  Motions  will  show  that  he  is  not  lack- 
ing in  ideas  on  the  subject,  as  he  naively  asks  a  few  pertinent 
questions.  Let  me  qiiote  his  words.'  "It  is  not  easy  to  explain 
why  the  velocities  of  stars  should  increase  with  their  effective 
ages,  for  we  are  accustomed  to  think  of  al!  matter  as  equally 
old  gravitationally.  Why  should  not  the  materials  composing 
a  nebula  or  a  Class  B  star  have  been  acted  upon  by  gravita- 
tional forces  as  long  and  as  effectively  as  the  materials  in  tiic 
Oass  M  stars?  Are  stellar  materials  in  the  ante-stellar  state 
subject  to  Newton's  law  of  gravitation?  Does  gravitation 
become  effective  only  after  the  processes  of  combination  are 
well  under  way?  Is  it  possible  that  the  gaseous  matter  com- 
posing a  nebula  is  acted  upon  as  effectively  by  radiation  pres- 
sure as  by  gravitational  attraction?  The  observed  fact  of  the 
depenrience  of  stellar  velocity  upon  the  spectral  class  is  so  new 
that  these  comments  ant!  questions  make  no  pretentions  to  the 
status  of  a  solution;  but  I  am  unable  to  suggest  any  other 
directions  in  which  we  should  seek  for  the  explanation." 

Another  interesting  and  important  result  that  our  Medalist 
has  arrived  at,  based  upon  his  valuable  radial  velocity  data,  is 
the  relation  between  the  distances  of  the  comi>onents  of  a 
binary  system,  the  eccentricities  of  their  orbits,  and  their  age. 
"A  study  of  the  orbits  of  spectroscopic  binary  stars  has  estab- 
lished that  the  component  stars  in  a  system  whose  spectrum 
indicates  early  age  are  relatively  very  close  together,  requiring 
very  short  periods  of  revolution,  and  that  the  orbits  are  nearly 
circular.  In  systems  whose  spectra  show  them  to  be  of  greater 
effective  ages,  the  distances  separating;  the  components  are 
successively  greater,  on  the  average,  and  their  orbits  are  more 
eccentric.  The  observed  facts  on  the  subject  are  fully  con- 
firmative of  existing  mathematical  theories  of  the  evolution  of 
double  star  systems." 

In  discussing  the  question  of  parallax  and  proper  motion  as 
related  to  spectral  types  Dr.  Campbell  comes  to  the  conclusion, 
"That  the  scale  on  which  the  universe  of  brighter  stars  is  con- 
structed is  apparently  a  great  deal  larger  than  we  had  sup- 
posed." And  thus  he  enlarges  our  horizon,  so  to  speak,  and 
calls  attention  to  the  urgent  need  of  still  more  radial  velocity 
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icttrminationN  to  help  in  the  solution  of  the  many  ti^reat 
rT«Mcm>  relatinjj  to  the  stellar  universe,  not  a  few  of  which. 
i  :7:ay  atM.  owe  their  inception  to  the  g^enius  of  our  Me:lali>t. 

In  plea'Iingj^  for  further  ob>er>'ation>  he  also  urges  the  at- 
u:nn:ent  of  greater  accuracy.  In  this  connection  he  opens  our 
c\t-s  in  regard  to  the  character  of  our  stellar  neighbors,  point- 
inir  out  that  it  is  quite  probable  that  our  system  of  one  large 
central  bodv  atten<led  bv  ^^everal  ver\'  small  masses  is  an  ex- 

*  *  * 

ception.  and  not  the  prevailing  type  of  system.  If  an  accuracy 
criuM  he  attained  which  would  reveal  a  variation  of  0.03^"  per 
^<cond,  the  variation  of  speed  of  the  Sun  about  the  center  of 
in^vitv  of  the  solar  svstem  could  be  obser\ed  bv  an  obser\'er 
Tin  another  system.  To  quote  from  Stellar  Motions,  pg.  281. 
*'  \n  obser\-er.  favorably  situated  in  another  system,  provided 
with  instruments  enabling  him  to  measure  speeds  with  absolute 
accx:rac\%  could  detect  this  variation,  and  in  time  sav  that  our 
^Xat  is  attended  by  planets.  .  .  .  As  the  accuracy  attainable 
improves  with  exf>erience.  the  proportional  number  of  spectro- 
scopic binaries  discovered  will  undoubtedlv  be  enormouslv  in- 
crease^I.  There  i«  a  possibility  that  the  stars  attended  by  mas- 
sive companions,  rather  than  by  small  planets  only,  are  in  a 
decide<l  majority :  .  .  .  This  is  not  a  ca^^ual  and  pa^^in;j  com- 
ment. We  do  not  possess  a  shred  of  fKjsitive  evirlence  that  any 
other  -itar  than  our  own  i<  attended  by  ^mall  planet? :  we  ^eem 
powerless  at  present  to  obtain  any  evidence  in  favor  oi  or 
against  their  existence;  anrl  the  prevailini:  belief  that  planet-^ 
exi«-t  in  other  sy-^tems  rests  uj)on  analoi^'  to  the  ^^^ilar  ^y>tem. 
W'e  have  the  evidence  of  \nsual  and  sficctro^'Copic  binary  >tar«- 
that  other  svstems  with  two  or  more  ina^^ive  central  \nA\i:^ 
are  extremelv  common.*' 

In  his  book  Germany  and  the  Germans,  Prut.  Colli kr  ha"* 
written.  "The  real  test  of  ^ucce^sful  ort^anization  is  the  thoro- 
ne^«-  of  the  thinking  behind  it;  on  the  other  hand,  the  only 
te^t  of  the  thinking  is  the  success  of  the  thought  in  actual 
execution."  When  we  con«»ider  the  eminentiv  ^ucce^sful  work 
tumeil  out  from  the  Lick  <  >bser\'ator\'  we  have  fjefore  u-  the 
evidence  that  our  Me<lalist  has  rendered  distingui^he*!  Mrrvices 
li>  astronomy  not  only  as  a  scientist.  iKit  als^j  a**  a  ca|iable 
director  of  a  great  ob*iervator>'.    Too  often  the  taking  over  of 
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executive  responsibilities  lias  been  a  detrimental  handicap  to 
the  individual  scientist.  Happily  this  has  not  been  the  case 
with  our  Medalist.  Victor  Hugo  speaks  of  "a  contagion  of 
idleness."  There  is  also  a  contag:ion  of  activity.  And  so  Dr. 
Campbell  has  rendered  further  great  services  to  astronomy 
in  the  inspiration  he  has  imparted  to  those  working  with  him. 

In  his  Sigma  Xi  address  at  the  University  of  Illinois,  de- 
livered May  4th  of  this  year.  Professor  Gi«)Rce  Otis  Smith 
says,  "A  statesman  is  defined  as  a  politician  who  has  died. 
.  .  .  Too  often  we  are  tardy  in  our  recognition  of  the  worth  of 
men  and  also  of  the  significance  of  events,"  Fortunately  we, 
today,  are  not  too  tardy  in  our  recognition  of  the  worth  of  our 
Medalist.  And  I  know  that  it  is  a  matter  of  deep  gratificatjon  J 
to  us  all  that  we  are  gathered  here  to  pay  our  respects  to  htm,  I 

Dr.  William  W.\ll,\ce  Campbell,  Director  of  the  Lide  ^ 
Observatory,  efficient  executive,  great  astronomer,  eminent 
scientist,  it  is  with  greatest  pleasure  that,  on  behalf  of  the 
Astronomical  Society  of  the  Pacific,  I  now  present  to  you  this 
beautiful  medal  with  full  knowledge  that  the  Society,  in  thuftj 
honoring  you  is  hoiioritig  itself  in  inscribing  your  name  on  the 
roll  of  illustrious  recipients  of  the  Bruce  Gold  Medal. 
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THE  WORK  OF  A  MODERN  OBSERVATORY 


By  Gkorge  Ei.lkry  H\le. 


We  have  been  fortunate  enuf  to  live  in  a  p^oMen  ag^e  of 
^ience,  an  age  rich  in  discoveries  of  instnimenls.  methods  and 
i'leas  readily  applicable  in  the  domain  of  aftronomy.  Each  one 
of  u>.  from  the  amateur,  whose  chief  equipment  may  consist  of 
an  unquenchable  thirst  for  knowledge,  to  the  endowed  investi- 
gator, lacking  in  no  material  means,  may  profit  by  the  extraor- 
dinarv  advances  of  recent  vears.  Half  a  centurv  aero  the 
equatorial  telescope  and  meridian  circle,  with  clock  and  microm- 
eter, were  the  sole  instruments  of  the  obser\*atorv.  Thev  were 
used  mainly  to  measure  the  positions  and  motions  of  the 
heavenly  bodies,  and  altho  the  foundations  of  astrophysics  had 
been  laid  long^  before,  the  means  available  for  the  erection  of  its 
superstructure  were  few  and  insignificant  when  compared  with 
those  we  now  enjoy. 

The  two  chief  factors  in  the  new  advance  appeared,  curiously 
emit,  within  the  same  decade.  The  sensitive  plate,  first  em- 
pIoye<i  by  Daguerre  in  1839.  was  utilized  at  the  Har>'ard 
Ob<er\-ator}-  for  stellar  photography  in  1857  and  applie<l  to  the 
rci;i^tration  of  the  solar  image  at  Kew  in  the  following  year. 
The  spectroscope,  chief  instniment  of  the  student  of  inorganic 
evolution,  first  proved  its  worth  almost  simultaneously  with 
the  publication  of  the  Origin  of  Species  in  1859,  when  KiRCH- 
nf»FF  and  BfXSEX  determined  by  its  aid  the  chemical  compo- 
sition of  the  Sun.  Bond's  experiments  in  stellar  photography 
at  Harvard  had  been  made  with  the  wet  collodion  plate,  but  in 
|S7^»  Hi'G<7ixs  first  applied  dr>'  plates  to  the  photography  of 
-tellar  spectra.  To-day  comparatively  few  astronomical  ob- 
^r>-ations  are  made  visually.  The  spectroscope,  once  a  minor 
acce<>or}*  of  the  telescope,  is  now  more  properly  regarded  in 
siimc  classes  of  work  as  the  primary  instrument,  with  the  tele- 
<o\K  as  its  indispensable  auxiliar}-.  Originally  a  simple  labor- 
atory- appliance,  suited  only  for  qualitative  purposes,  it  has 

'  Ad'lrcM  delivered  at  the  joint  meetinf  of  Sections  A  and  R  of  the  American 
Vi«octatk>n  for  the  .Vdvancement  of  Science,  the  American  Astronomical  Society, 
thr  American  Mathematical  Societx.  and  the  American  Physical  Society,  at 
Berkeley.  Ttsctday  forenoon.  Angvst  y,   191 5- 
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■\  into  a  measuring  instrument  of  extraordinary  flexi- 
y  and  power,  yielding  results  which  surpass  in  precision 
the  most  refined  measurements  of  visual  astronomy. 

Supplementing  and  in  some  cases  superseding  the  spectro- 
scope, there  have  arisen  the  interferometer  in  its  various  forms, 
the  MiciiELsoN'  echelon  and  the  Lummer-Gehrcke  parallel 
plate,  each  applicable  with  advantage  to  certain  kinds  of  light 
analysis.  Instnunents  of  surprising  sensitiveness,  including 
the  thermopile,  the  bolometer,  the  radiometer,  the  radio- 
micrometer,  and  the  selenium  and  photo-electric  cell,  have 
brought  to  knowledge  radiations  far  beyond  the  range  of  the 
eye  or  the  photographic  plate,  and  disclosed  stellar  variations 
in  brightness  too  minute  for  former  devices  to  reveal.  At  the 
same  time  telescopes  have  increased  greatly  in  aperture  and  in 
optical  and  mechanical  perfection,  while  new  photometers, 
clocks  and  other  auxiliaries  of  various  kinds  have  led  to  more 
refined  astronomical  measurements,  which  have  reached  their 
highest  precision  thru  the  improvement  of  the  photographic 
method.  For  the  study  of  astronomical  photographs,  a  large 
class  of  special  machines  has  been  developed,  ranging  from  the 
measuring  microscope  to  Kocii's  registering  micro-photometer, 
which  involves  an  ingenious  application  of  the  photo-electric 
cell. 

Within  the  brief  limits  of  this  address  I  cannot  hope  even 
to  enumerate  more  than  a  small  fraction  of  the  many  appli- 
ances which  the  astronomer  now  has  at  his  disposal.  But  I 
nuist  mention  here  that  large  category  of  laboratory  apparatus, 
including  the  electro -magnet,  the  vacuum  tube  in  its  many 
forms,  the  electric  furnace  and  the  long  array  of  similar  de- 
vices which  the  discoveries  of  Zi£EM.\n.  St.\rk  and  other 
physicists  have  rendered  of  fundamental  importance.  I  may 
also  remind  you  of  the  astronomical  significance  of  discoveries 
in  radio-activity,  theories  of  the  structure  of  the  atom,  the  laws 
of  spectral  series,  and  a  host  of  other  advances,  which  have 
so  greatly  enlarged  the  scope  of  our  inquiries. 

The  combined  effect  of  these  developments  has  been,  not 
merely  to  multiply  our  means  of  research,  but  to  modify  our 
point  of  view,  and  to  bring  it  much  more  nearly  into  coin- 
cidence with  that  of  the  physicist.    Many  physical  and  chem- 
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vil  {ihvtiwncna  have  been  reciiKni^ftl  in  the  Sun  and  stars 
'■rior*  ihev  were  known  in  the  laboratorj',  Thus  helium,  first 
[iiiiuccii  in  ihe  laboratory  in  1893,  was  discovered  in  solar 
;ruiiincncc&  in  1B68.  Xebulinm.  the  predominant  constituent 
of  ncbabe,  hu  not  yet  been  found  on  the  Earth.  The  effects 
«f  the  sekclive  abson>tion  of  light,  which  lie  at  the  basis  of 
■pectrum  analysis,  were  first  interpreted  by  observations  of  the 
■  •\at  •pccinim.  Changes  in  the  relative  intensities  of  sfiectral 
lie*  due  to  reduction  of  temperature  were  first  obser\'ed  in 
ttiU'ApoU.  Again,  certain  ex|>eriments  beyond  the  range  of 
ibc  bboratory  can  be  performed  with  the  aid  of  celestial 
bodies.  Thus,  in  order  to  help  answer  the  question  whether 
aH  \M%t  rotating  Ixxlics  are  magnets,  we  may  examine  the 
ii(lu  of  lliai  immense  rotating  sphere,  Ihe  Sun.  And  so  I 
might  Ijo  on  to  illustrate  the  advanlasc  to  the  chemist  or  the 
physicist  of  studying  astronomical  objects,  which  frequently 
pRsent  facilities  for  tests  or  experiments  difficult  or  impossible 
nnder  ieiTe5tria]  conditions. 

But  the  converse  view  is  the  one  I  wish  to  emphasise: 
BHndjr.  the  importance  to  the  astronomer  of  interpreting 
odesttal  phenomena  by  means  of  laboratorj  experiments,  where 
ffce  exact  conditions  are  known  and  arc  under  perfect  control. 
No  melhwl  of  re.'^earch  is  more  satisfactory  than  this,  for  none 
foci  so  directly  to  the  heart  of  the  question  or  eliminates  more 
■  ompMely  the  danger  of  error. 

In  DtMlcrtaking  to  deal  with  what  I  may  call  the  lalxrratory 
r-icthod  in  astronomy,  let  me  invite  your  attention  to  three 
phai««  of  the  subject.    These  involve: — 

( t  >  The  adaptation  and  use  in  the  observatory  of  various 
laboratory  instruments. 

(i(  The  modification  of  the  design  of  astronomical  instru- 
ments no  as  to  permit  solar  and  stellar  images  to  be  studied 
under  laboratory  conditions. 

(3>  The  imitation  and  interpretation  of  celestial  phenomena 
by  laboratory  experiments. 

lo  each  case  my  treatment  must  be  very  fragmentary-,  based 
upon  certain  t>-pical  examples  which  serve  to  illustrate  the 
potnl  in  view,  but  making  no  attempt  to  cover  the  ground 
tbaustivHy.     In  choosing  my  illustrations  I  have  frequently 
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been  guided  by  a  desire  to  indicate  opportunities  for  worit 
with  small  and  inexpensive  equipments,  such  as  any  amateuf 
may  possess.  In  these  days  of  great  telescopes  there  is  danger 
that  an  erroneous  impression  regarding  the  possibilities  of 
limited  resources  may  prevail.  As  a  matter  of  fact,  these  pos- 
sibilities are  enormously  greater  than  ever  before,  and  no  one 
who  realizes  the  true  state  of  affairs  need  fear  that  his  means, 
however  simple,  are  inadequate  to  advance  knowledge.  A 
great  telescope,  tho  desirable  or  even  essential  for  many  pur- 
poses, is  by  no  means  required  for  much  work  of  the  highest 
class.  Indeed,  some  of  the  discoveries  I  shall  mention  as  the 
product  of  smaller  instruments  are  quite  beyond  the  reach 
of  the  largest  telescope  unless  it  be  equipped  with  special 
auxiliaries, 

(l)   A'tnv  Ittslrituiciits  from-  the  Physical  Laboratory. 

Few  recent  illustrations  of  tlie  advantages  which  may  follow 
the  intelligent  application  of  physical  methods  in  astronomy 
are  more  striking  than  that  afforded  by  the  selenium  cell.  The 
sensitiveness  of  selenium  to  light,  which  reduces  its  electrical 
resistance,  has  been  known  for  many  years.  But  it  remained 
for  Stebbixs,  working  with  a  standard  12-inch  telescope  at 
the  University  of  Illinois,  to  demonstrate  that  important 
astronomical  discoveries  may  result  from  the  use  of  this 
principle.  Better  than  selenium,  and  now  adopted  in  its  stead, 
is  the  photo-electric  cell  perfected  by  Elster  and  Geitel,  This 
consists  of  a  clear  metallic  surface  of  sodium,  potassium,  rubid- 
ium or  CEesium,  sealed  within  a  glass  bulb  containing  helium  at 
low  pressure.  When  exposed  to  light  the  metallic  surface 
gives  off  negatively  charged  particles  and  thus  acquires  a 
positive  charge  easily  measured  with  a  delicate  electrometer. 

Here  is  a  photograph '  of  Dr.  Stebbins'  telescope  with  the 
cell  in  place.  Applied  to  a  star  (8  Oriottis)  suspected  of  varia- 
bility, but  showing  no  changes  appreciable  to  the  eye,  the  cell 
has  yielded  measures  represented  by  this  intensity  curve.  In  this 
way  a  large  new  class  of  variable  stars,  formerly  regarded  as 
invariable,  is  rendered  available  for  study.  Conspicuous  among 

<  Here  and  tliiuDut  his  address  Dr.  Hale  illuslratfd  hil  points  with  lantern 
slides.    Tlie  eiperimenls  dtserilwd  in  the  last  section  of  the  address  were  beauiitullr 
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(bttc  are  many  spectroscopic  binaries,  whose  orbital  motions 
s>re  been  revealed  by  the  spectrograph.  It  is  uniiccessarj'  to 
uy  tiut  a  means  of  niciMiniig  tlicir  corres]x>tidiiig  tluctualions 
tn  light,  previously  beyond  reach  in  the  \'ast  majority  of  cases, 
mil  be  of  i^rcat  service  to  the  astronomer.  OlnHousIy  the 
liboco-clectric  cell  can  be  applied  to  many  other  astronomical 
»*1  physical  purposes,  and  we  may  confidently  look  to  it  for 
nanv  discoveries  in  the  future. 

Another  powerful  wcaj>on  of  attack  was   disclosed   when 

U-vcLEV  invented  and  aiiplicd  the  bolometer  in   1880.     If  a 

this  wire,  say  of  steel  or  platinum,  is  heated,  its  electrical  re- 

«itaiKc  is  altered.    Suppose  this  wire  is  made  to  serve  as  one 

um  01   the  delicate  device  known   as   Wheatstone's  bridge. 

^•ed  in  every  electrical  laboratory  for  resistance  measurenienis. 

ttVn  properly  balanced,  and  employed  with  an  exceedingly 

in»*itive  galvanometer,  the  bolometer  is  cai>a1>lc  of  detecting 

1  change  in  tem^terature  of  less  than  a  millionth  of  a  degree. 

Iti  extreme  sensitiveness  to  radiation  led  I-axglkv  to  explore 

ite  invinble  infra-red  spectnun  with  its  aid.     Thus  he  dis- 

ffaacd  an  extensive  region,  unknown  to  the  eye  or  the  photo- 

trafiliic  plate,  and  fully  ten  times  as  long  as  the  entire  visible 

iTretrtim  from  rcil  to  violet.     Glass  is  as  impervious  as  steel 

■  J  the  ItKiger  waves  of  the  infra-red,  and  rock-salt  lenses  and 

;  risns  must  be  used  to  transmit  them.    In  its  perfected  form, 

as  entpkiycd  by  .\nnoT.  the  bolometer  has  become  an  automatic 

feconling  instrument  of  perfect   reliability,   serviceable   in  a 

icore  of  ways  to  the  student  of  astrophysics.    Already,  in  con- 

tunction  with  an  improved  pyrhcliometer,  it  has  demorislratcd 

the  Stm  to  be  a  variable  star,  and  measured  its  fluctuations  in 

heal  radiation. 

The  detection  and  measurement  of  tlic  almost  infinitesimal 
heat  which  reaches  ns  from  the  stars  is  a  task  of  very  recent 
achievement,  carried  to  a  high  degree  of  success  by  Cobukntz 
at  Mount  Ifainillon  in  1914.  Nichols,  using  a  radiometer 
seiuitive  to  the  light  of  a  candle  five  miles  away,  (assuming  no 
atmospheric  ahsor[>lion>  had  measured  the  heat  radiation  of 
Ar(t*trm  and  VtRa  at  the  Yerkes  Observatory  in  igoo.  Pfund 
irovcd  materially  on  his  rcsuhs,  and  Codlentz  has  now 


[ 


Publications  of  the 

lished  the  remarkable  task  of  measuring  the  heat  froiri 
beyond  the  limit  of  naked-eye  visibility. 

The  apparatus  employed  for  this  work  is  an  improved  form 
of  thermopile,  an  instrument  which  dates  from  1830.  when 
NoBiLi  and  Melloni  constructed  from  strips  of  antimony  and 
bismuth  a  heat-measuring  device  ten  times  as  sensitive  as  the 
best  thermometer  of  the  day.  The  thermopile  of  Coblextz, 
consisting  of  a  very  small  bismuth-platinum  junction  sup- 
ported in  a  vacuum  chamber  at  the  focus  of  the  three-foot 
mirror  of  the  Crossley  reflector,  would  give  a  galvanometer 
deflection  of  i  mm.  when  exposed  to  the  radiation  of  a  candle 
53  miles  away,  if  there  were  no  atmospheric  absorption.  Dr. 
CoBLENTZ  believes  that  the  sensitiveness  of  the  thermopile- 
galvanocneter  combination  can  be  increased  sufficiently  to  de- 
tect the  radiation  from  a  candle  500  miles  away,  if  employed 
in  conjunction  with  a  seven-foot  mirror.  Under  such  condi- 
tions work  of  great  value  could  be  done  on  the  spectral  ener^ 
curves  of  stars. 

So  far  our  attention  has  been  concentrated  upon  certain 
electrical  devices  which  act  like  ^uper-senses,  applicable  where 
other  means  at  our  disposal  are  sluggish  or  wholly  inert.  Let 
us  now  turn  to  another  group  of  instruments,  which  may  be 
used  in  lieu  of  the  most  powerful  spectroscopes  for  the  refined 
analysis  of  light. 

Michelson's  interferometer  has  been  applied  with  success 
in  a  score  of  different  fields.  It  serves  to  render  visible  the 
twisting  of  a  massive  steel  bar  by  the  fingers,  to  test  the 
relative  motion  of  the  Earth  and  the  ether,  or  to  measure 
the  length  of  the  international  meter  in  terms  of  that  invariable 
unit  of  reference — the  light-wave.  From  the  point  of  view 
of  the  spectroscopist  one  of  its  greatest  services  is  the  con- 
verse measurement  of  the  absolute  wave-length  of  light. 

In  this  field  the  interferometer  of  F.mirv  and  Perot  is  also 
of  the  highest  im])ortance.  In  the  e.xtremely  simple  and  con- 
venient form  of  the  claloii,  best  consisting  of  two  plates  of 
lightly  silvered  fused  quartz  helil  perfectly  parallel  at  an  in- 
variable distance  of  a  few  millimeters  by  short  bars  of  invar, 
it  now  plays  a  leading  part  in  high  precision  spectroscopy. 
The  circular  fringes  produced  when  the  light  of  mercury  vapor 
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a  allowed  lo  bll  on  an  ctalon  are  of  great  beauty,  representing 
ou  only  the  diief  lines  hat  also  ihtir  faint  satellites  in  the 
(arm  o(  companion  fringes.  The  slightest  change  in  the  wave- 
Inif^h  of  the  light  is  shown  by  expansion  or  contraction  of 
he  fringes.  So  sensitive  is  this  interferometer  that  the  Uop- 
;  Vr  effect  can  be  demonstrated  experimentally  by  its  aid.  It 
•  tinly  neccssar>-  to  provide  a  wheel  with  projecting  paddles 
i  white  (lapcr,  and  illuminate  it  with  green  mercury  light 
ihen  it  is  spinning  at  high  velocity.  The  motion  of  the  pad- 
ics  toward  or  away  from  the  observer  will  be  indicated  by  a 
iiirfii  change  in  the  diameter  of  the  fringes,  due  to  a  cor- 
■ivponding  change  in  the  effective  wave-length  of  the  light 
rrilected  back  from  the  moving  paddles.  Thus  the  very  method 
which  wc  utilize  with  the  spectroscope  for  the  study  of  the 
Sun'*  rotation  or  the  ratlial  motions  of  stars  can  be  cxperi- 
mentAliy  illustrated  in  the  laboratory. 

Time  fails  me  to  describe   Faiiry's  beautiful  investigation 

with  the  interferometer  of  the  moving  gases  in  the  Orion 

Bcfauta,  or  to  speak  of  those  ingenious  instruments,  the  echelon 

(grating  of   NficiiELSd.s   and  the  Llmmfjc-Gehrcke   parallel 

pbte.     But  t  cannot  fail  to  mention  the  remarkable  advances 

itly  made  in  the  ruling  of  diffraction  gratings,  the  chief 

iDC«  of  the  spectroscopist  in  almost  every  class  of  labor- 

and  obsen-atory  work  demanding  high  dispersion.     A 

cottar)'  Jigo  Fral' N' tioFFJt  of  Munich,  after  making  the  hrst 

graitngs  from  wires  stretched  between  two  screws  of  very  fine 

rh,  sicceeiled  in  ruling  parallel  lines  on  glass  at  the  rate  of 

lu  the  ntillimeter  and  even  finer.     With  these  he  success- 

ly  observed  the  dark  hncs  of  the  solar  spectrum.     Kutiier- 

ruhng   machine,   constructed   by   Cii.\i'M.\n    in    1871;, 

lied  gntting>  of  excellent  quality  which  were  applied  by 

BEBFUBD.  Dh.vper,  YufNC.  and  others  to  the  study  of  the 

■J  spectrtim.    A  still  greater  advance  was  made  in  1S82  and 

hen  Rowi..\nd's  large  concave  gratings  suddenly  ad- 

il  «|»eciroscopy   from  the  (jualitative  to  the  quantitative 

;e  by  rendering  possible  measurements  of  the  highest  pre- 

>n.     With   Rowland's   reconstructed   machine   .Vnhersos 

rewnily  "ded  inklings  of  e.xtraordinarj'  jwrfcctifin.  having 

Toolving   power   fully   twice   tlial  predicted    from   theory. 


pBie. 


its  Pubh'caiiom  of  the 

Finally,  to  crown  tliis  long  list  of  achievements,  Micuelsox 
has  recently  ruled  a  ten-inch  grating  having  about  622  hnes 
to  the  millimeter,  Vihich  gives  superb  resolution  even  in  the 
eighth  order. 

We  must  now  leave  this  phase  of  the  subject,  tho  it  is  far 
from  exhausted,  and  consider  how  we  may  acquire  some  of  the 
chief  advantages  of  laboratory  conditions  in  astronomical 
spectroscopy. 

(2)  Laboratory  Conditions  in  U'ork  zcilh  the  Telescope. 

I  had  hoped,  when  first  outlining  this  address,  to  include  in 
it  a  brief  sketch  of  the  development  of  tlie  astronomical  tele- 
scope. It  would  have  been  interesting  to  describe  the  rise  and 
progress  of  the  refractor,  so  long  delayed  by  the  absence  of 
suitable  optical  glass,  and  to  trace  the  origin  of  the  reflector, 
its  curious  decline  during  the  second  half  of  the  last  century, 
and  its  remarkable  development  in  recent  years.  It  might  have 
been  profitable  also  to  emphasize  those  sterling  qualities  of  the 
refractor  which  so  firmly  maintain  its  place  in  the  observatorj'. 
in  spite  of  the  advance  of  its  powerful  rival.  Its  convenience 
of  manipulation,  surprising  insensibility  to  temperature  change, 
and  large  field  of  view  are  not  shared  by  the  reflector,  tho  for 
perfect  achromatism  and  light-gathering  power  per  imit  cost 
the  latter  stands  alone.  Both  instruments  therefore  have  im- 
portant places  to  fill,  and  it  is  merely  a  question  of  apportion- 
ing to  each  its  most  suitable  field  of  observation.  For  Burn'- 
h.vm's,  Aitklx's,  and  Hussev's  observations  of  double  stars, 
B.arnard's  measures  of  faint  satellites  and  other  difficult  ob- 
jects. Fox's  and  Slocum's  photographs  of  solar  prominences. 
Ritciiey's  photographs  of  the  Moon,  the  photographic  de- 
terminations of  parallaxes  so  ably  initiated  by  Sciilesingkr, 
and  many  other  classes  of  work  the  Lick  and  Ycrkes  refractors, 
which  we  may  take  as  examples,  have  proved  of  immense 
value.  And  while  large  reflectors  might  now  be  preferred  to 
them  for  the  photographic  investigation  of  the  spectra  of  the 
fainter  stars,  the  splendid  spectroscopic  work  of  CAMmi-XL. 
pRosT  and  others  with  these  telescopes  show  how  efficient  they 
are  in  this  department. 
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The  di»c»5,<ion  of  tclescoiws  into  wliidi  I  am  so  seriously 
tempted  lo  fnll  woiiUI  give  due  credit  to  the  wide  field  of  the 
ponnit  lens,  utilized  so  effectively  by  Pickerint.  in  catalof^n^ 
t  spectra  of  several  hundred  thousand  stars  and  by  Ijahnahu 
■  his  photographic  studies  of  the  Milky  Way.  Tlie  advantage 
[  the  photographic  correction  for  the  two-lens  refractor,  so 
u-Iy  cxcmplific<I  m  Sciilesixger's  recent  parallax  work 
ith  the  ll8.\siii'AR  30-inch  at  Allegheny,  would  also  demand 
n^idcration ;  but  in  spile  of  its  effective  recognition  in  this 
fortunate  that  large  visual  refractors  arc  still 
ftilabic  for  those  investigations  in  which  the  eye  and 
icrontetcr  are  indispensable.  In  (net,  the  entire  iliscus^jon 
uld  illustrate  how  the  recognition  and  utilisation  of  various 
«ical  and  mechanical  possibilities  have  given  us  a  whole 
lies  of  telescopes,  each  adapted  for  work  in  certain  fields. 
I  Of  the  types  of  tclescojics  thus  developed  ihere  is  one  which 
s  within  the  subject  I  have  undertaken  to  sketch.  This  is  the 
■nl  which  brings  a  solar  or  a  stellar  image  into  a 
'  for  study  by  spectrographs  or  other  apparatus  too 
r  too  delicate  to  serve  as  attachments  to  moving  tele- 


Tbe  solar  spcctro»coi>c.  as  first  used  by  Kirchhovk  and 
BcNSEN,  was  a  fixed  Ial»oratory  instniment  fed  with  siinhyht 
by  a  heliostat.  Later  it  t>ccame  an  attachment  of  the  equntorial 
refractor,  which  (>crmittcd  its  application  to  the  study  of  sun- 
spots,  prominences  and  other  details  of  the  solar  image.  In 
\hxs  farm  it  grew  toward  a  maximum  focal  length  of  about 
3'/j  feet,  limited  by  the  carrying  capacity  of  the  telescojw  and 
other  considerations.  Rowland's  researches  with  concave 
Kntings  of  21  feet  focal  length  revolutionized  lalx>ratory 
»pectroftcopy.  but  it  was  obvious  that  spectroscopes  of  equal 
power  cmdd  not  be  attached  to  a  moving  telescope.  I-'ixed 
tctescopes  giving  a  large  and  sharply  defined  solar  image  thus 
bceaiiie  necessary. 

These  involve  the  use  of  a  hcliostat  or  coclostat,  sending  a 
beam  of  sunlight  in  a  fixcil  direction,  usually  horii-ontal  nr 
fertical.  In  the  latter  case,  the  coelnstat,  second  mirror  and 
object-glass  (here  of  150  feet  focal  Icngthl,  may  be  mounle*! 
at  the  summit  of  a  steel  lower,  while  the  spectrograph,  of  75 
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al  length,  stands  in  a  well  excavated  in  the  earth  be- 
Deatn  it.  The  great  stability  of  the  spectrograph  and  the  con- 
stancy of  temperature  of  the  grating  at  the  bottom  of  the  well, 
are  among  the  chief  advantages  of  this  form  of  instrument. 
The  solar  image,  over  i6  inches  in  diameter,  is  thus  available 
for  study  under  the  best  of  laboratory  conditions. 

The  advantages  of  solar  spectrographs  of  great  focal  length 
are  easily  illustrated.  Four  photographs  of  the  solar  spectrum. 
taken  with  spectrographs  of  ^Yi  inches,  i8  feet.  30  feet  and 
75  feet  focal  length  respectively,  show  striking  differences  in 
the  separation  of  lines.  This  is  partly  due  in  the  last  step 
(30  feet  to  75  feet),  to  the  use  of  a  Michei.bon  grating  in 
place  of  the  smaller  Rowl.\nd  grating  employed  with  the  first 
three  spectrographs.  But  a  comparison  of  the  first  three 
spectra  will  show  that  the  improvement  is  mainly  due  to  the 
gain  in  linear  dispersion  and  photographic  resolution  effected 
by  increasing  the  focal  length  of  the  spectrograph.  Details 
hopelessly  confused  in  the  small  scale  spectra  by  the  blending 
of  lines  are  plainly  apparent  under  the  higher  linear  di.'ipersion, 
and  the  precision  of  differential  measurements  of  the  finer 
lines  is  fully  proportional  to  the  increase  in  scale. 

These  large  spectrographs  are  of  the  auto-collimating  type, 
i.  e.  the  rays  are  returned  by  the  grating  thru  the  collimating 
lens,  which  thus  serves  also  to  form  the  image  of  the  spectrum 
near  the  slit.  A  spectrograph  which  has  some  optical  ad- 
vantages is  that  in  which  the  collimator  and  camera  are  in- 
clined at  an  angle  of  from  25°  to  60°,  in  order  to  utilize  the 
increased  dispersion  thus  obtainable. 

The  gain  effected  by  high  dispersion  in  solar  spectroscopy, 
which  has  recently  been  utilized  in  many  classes  of  work, 
naturally  suggests  a  similar  step  in  ■stellar  spectroscopy.  Here, 
however,  the  conditions  arc  essentially  different,  partly  on  ac- 
count of  ihe  faintness  of  the  stars,  and  also  because  complete 
success  has  already  been  achieved,  at  least  in  the  measurement 
of  stellar  motions,  with  spectrographs  of  moderate  dimensions 
attached  to  eijuatorial  tele.scojies.  It  is  astonishing  to  think 
how  much  has  liecn  accomplished  in  this  field  by  C.\mpbell 
and  his  colleagues  .since  the  .Mills  spectrograph  entered  upon 
its  pioneer  laliors  with  the  Lick  telescoi>e  in  1896,     From  the 
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TV  outsHst  bdunfully  -tharn  phutoiiniph&  af  Ttellar  -j^)!:!:!!^ 
aatl  vciocr/  mm^iim^  <it  die  iiii^hesc  ^reanun  Iiave  iH!t*n  00- 
tanyj  wTth  dus  :nstmmenr.  .vhich  :n  \vs  inirtectei  curm  icil 
coctmoes  its  wnrk  «in  ^^ftiunt  L-iamiitun.  iuppienunm**i  by  .1 
*iniiiar  infetrruncnt  in  die  louthern  liemisphere.  N«j  inechuti  'if 
inrprovmir  ^m  die  results  «jbcuneti  widi  die*>e  ^rpecrrriicniphs*  is 
y«  ra  ii^dit.  And  die  luijh  iisper^nn  -ipectnji^mpii  which  l  am 
ibixit  to  rnennon  is  inteniieti  tiir  work  oc  .uiudier  kind. 

In  die  ?nniy  of  die  phyncai  numre  o£  -ytarT  we  :nutjt  «ieai 
with  crobiems  like  diose  •)£  -niJar  ^hvsics.  in  which  ijxrremeiv 
mxmxte  •ixspiaconents  «i£  -tpectrai  lines  may  be  intenjrete^l  as 
the  eaect  ot  die  pressures  anil  rnutions  of  vapors  lymi^  at  'iir- 
icrent  Levels  m  ^cellar  annohofaeres.  Valuable  results  in  diis 
dd-i  cave  alreaily  been  obtaineti  by  AoAJiS  with  die  'X^inch 
Motmt  Wilson  reffectnr.  and  die  c<x>4nch  celesojpe  mountimj 
now  ontter  constmctiun  has  betai  -iesiCTt^i  io  as  Dtj  perrmc  die 
a*e  of  X  4tieilar  ipecrnii^raph  of  fnjm  30  :o  55  feet  f«.HniI  leni^di. 
This  L-f  tn  be  aiounteti  on  a  niasriive  pier  in  a.  v?jnstanc  cem- 
perarzre  chamber,  w  diar  die  exposures  may  be  connnuei  t»jr 
several  *uccesnive  aujhts.  or  anni  on  'jnpression  of  die  hiijhJy 
di>p<rTe»i  aaii  dierefore  feeble  ipectnirn  has  been  ^ihtajnei. 

We  have  oiiw  i^^ianceif  or  r-vo  pfaa.ses  oi  die  laboratory 
mcthi>l  m  ascronijmy.  invoivui:^.  i^n  die  one  han«l  die  I'lapta- 
tion  of  variocs  phT-ical  mstrmnentL^  for  use  widi  die  ce*e>0-M>e. 
an«l,  on  the  oduir.  die  Tir^iiincann-n  of  reiesct^pe  desi:^  :n  ..">nicr 
to  brin^  "j^jtar  anil  *teilar  tmaijes  into  o^nstant  ternpenrj'e 
laboratories.  Let  as  next  mm  our  arrentn^n  1*2  a  no  Ie<5  uti- 
ponant  pijsriibiaty :  the  interp. relation  oz  celestial  phe^cricna 
by  laboratory  expenrr.ent*.  ^fx'ty  exam  pies  of  -uch  work 
mcht  be  qriven.  but  i  have  venmrei  :o  chi.^jse  '^ne  i^^yrr.  -^rcenc 
cx;ier:ence.  whnrh  l-t  easily  illu-trateii.  on'!  — rav  have  -*.>r'e 
^u^gC5txve  value,  csrrecially  to  th*:*^  who  !ack  exten-rve  in- 
stnirr.ental  cqurpmcnt.  [  refer  to  a  -krne^  *2Z  -rrrple  vortex 
cxf-enments  beannc  on  the  ruitnre  o:  -^un-ipr.t-i  an*!  rf«:<vrjli. 

In  or«ier  to  rr^ake  the^  exrenrrreTtt-  irtelh^bte  [  rru-t  rir-j^ 
recall  the  circam.4tance^  an»ier  which  they  were  •level'^f^ed  atnl 
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the  hypothesis  they  are  intended  to  test.  If  we  photograph 
the  Sun  with  a  spectroheliograph  which  excludes  from  the 
photographic  plate  all  light  except  that  of  the  red  line  (Ha) 
of  hydrogen,  we  find  what  appear  to  be  vortex  phenomena  as- 
sociated with  sun-spots.  In  fact,  we  seem  to  be  looking  into 
immense  whirlpools,  which  sometimes  sweep  clouds  of  hydro- 
gen into  the  spots  at  high  velocities.  This  leads  us  to  infer,  as 
Sir  John  Herschel  and  Faye  did  long  ago,  that  sun-spots  may 
be  closely  analogous  to  tornadoes  in  the  Earth's  atmosphere. 
Modern  electrical  experiments  tell  us  that  there  must  be  many 
electrically  charged  particles  in  the  Sun,  and  these  would  pro- 
duce a  magnetic  field  if  whirled  in  a  vortex.  From  this  point 
of  view  a  sun-spot  resembles  a  helix  of  wire,  thru  which  an 
electric  current  is  flowing.  But  how  are  we  to  find  whether 
a  magnetic  field  is  actually  present  in  the  spot? 

Fortunately  Zeeman  has  shown  us  how  to  recognize  the 
very  characteristic  eflFects  of  magnetism  on  light.  We  pass  a 
spark  between  two  rods  of  iron  supported  between  the  poles  of 
a  magnet.  The  lines  of  the  iron  spectrum,  ordinarily  single, 
are  split  into  three  or  more  components  the  moment  the  cur- 
rent is  sent  thru  the  mai^^net  coils.  Hence  the  iron  lines  should 
behave  similarly  in  a  sun-spot.  We  photoiL^raph  the  spot 
spectrum,  and  find  the  lines  to  be  split  into  triplets,  quadrup- 
lets, quintuplets,  etc.,  the  number  of  components  being  the 
same,  line  for  line,  as  in  the  laboratory.  These  are  polarized 
in  a  most  characteristic  wav,  so  that  either  side  line  of  a 
triplet  can  be  cut  off  at  will  by  a  Xicol  prism  and  quarter-wave 
plate. 

Here  is  an  iron  triplet  in  the  sun-spot,  which  also  turns  out 
to  be  triple  in  the  laboratory.  We  apply  the  polarization  test, 
and  cut  off  its  components  at  will.  Next  to  it  is  another  iron 
line,  which  appears  as  a  quadruplet  both  in  lalx)ratory  and 
spot  and  answers  equally  well  to  the  polarization  test.  So  w^e 
may  go  on,  comparing  in  spot  and  laboratory  all  the  lines  of 
iron  and  other  elements,  measuring  the  strength  of  the  mag- 
netic field  in  different  parts  of  the  spot  and  at  various  levels 
above  it,  and  determining  the  inclination  of  the  lines  of  force 
to  the  line  of  sight. 

These  magnetic  experiments,  which  are  supported  by  Evkr- 
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<iiKi»*s  and  St.  John's  sjwctroscopic  observations  of  the  whirl- 
ing; vapors  in  sf)ots,  justify  the  assumption  that  sun-siKits  are 
vortices.  Let  us  tr>'  to  indicate  by  some  simple  exi)eriments 
how  such  vortices  mav  arise  and  what  forms  thev  mav  aoume. 
Everyone  has  seen  a  whirlinj^  dust-storm  and  knows  by 
hearsay,  if  not  by  experience,  of  the  destructive  torna<lo  or  the 
waterspout.  It  is  easy  to  imitate  these  phenomena  by  an  ex- 
periment due  to  Wevher.  Here  is  a  shallow  cylindrical  Ikjx. 
mith  radial  vanes,  mounted  on  a  vertical  axis.  When  spun  at 
hijjh  velocity,  it  draws  up  the  air  from  below,  and  produces  a 
vcr>'  passable  imitation  of  a  waterspout  risinp^  from  a  pan  of 
steaming  water.  More  plainly  visible  to  an  audience,  and  more 
closely  analogous  to  whirling  prominences  sometimc^^  obser\'ed 
on  the  Sun,  is  this  **firespout''  prwluced  by  spinning  our  disk 
above  a  flame  rising  from  cotton  saturated  with  gasoline. 

In  the  Earth's  atmosphere  any  column  of  air.  carried  rapidly 
upward  by  convection,  begins  to  whirl  and  becomes  a  columnar 
vortex.  In  the  Sun.  on  account  of  its  high  temperature,  the 
ascending  convection  currents  are  much  more  numerous  and 
\Tolent,  and  similar  vortex  phenomena  must  be  of  frequent  oc- 
currence. Here,  for  example,  is  an  illustration  of  vortex 
motion  in  a  solar  prominence,  as  seen  at  the  edge  of  the  Sun. 
The  analogy  with  a  terrestrial  dust  whirl  \^  apparently  very 
ck»e.  and  wc  may  advantageously  push  our  inquiry  further. 

Sun-spots,  which  lie  at  the  base  of  the  solar  atmosphere. 
probably  originate  within  the  photosphere.  It  has  been  shown 
b>-  Fox  anil  others  that  they  are  invariably  preceded  by  erup- 
tions, which  represent  hot  masses  of  gas  ri^ing  rapidly  from 
the  interior  to  the  surface.  Tlius  a  columnar  vortex  wouM  l>e 
set  up,  which  might  resemble  a  waterspout  if  we  couM  see  it 
below  the  photosphere. 

So  far  we  have  been  thinking  of  single  spots.  But  sun--iK»ts 
have  a  remarkable  tendency  to  appear  in  jiair?.  the  members  of 
which  arc  of  opposite  magnetic  i>olarity.  i.  e.  their  electric 
vertices  arc  whirling  in  opposite  direction-^.  Can  we  throw- 
any  light  on  this  peculiarity-  b>'  laborator>-  experiments? 

Here  is  a  flexible  spiral  spring  of  closely  coiled  ljras>  wire, 
with  some  disks  of  wood  threaded]  on  it.  We  hang  it  venically 
in  a  tank  of  water  and  spin  it  rapidly  with  an  electric  motor. 
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The  water  close  to  the  wooden  disks  is  set  whirling  by  the 
friction,  and  we  have  a  columnar  vortex  resembling  a  single 
sun-spot.  At  low  speeds  this  vortex  remains  nearly  vertical, 
but  as  the  speed  increases  it  begins  to  bend,  its  lower  end 
rising  toward  the  surface  until  finally  it  assumes  a  semi-circular 
form,  and  moves  forward  thru  the  water  at  right  ang;Ies  to  its 
plane,  thus  rotating  about  the  shaft  of  the  motor.  It  is  in- 
teresting to  watch  the  depressions  and  whirls  in  the  water 
before  the  free  end  reaches  the  surface.  These  correspond  in 
the  hypothesis  to  the  incipient  spots  which  frequently  form 
and  disappear  at  the  incomplete  end  of  a  bipolar  sun-spot 
group. 

But  why  does  the  semi-circular  vortex  rotate,  and  is  there 
any  analogous  motion  of  sun-spots?  Here  is  a  box  containing 
smoke.  If  I  strike  it  sharply  a  smoke-ring  is  formetl  and 
moves  rapidly  thru  the  air.  This  familiar  experiment  may  be 
repeated  in  a  much  more  effective  manner  descriljcd  by  Mack. 
If  a  little  colored  liquid  is  forced  from  a  tube  in  water  a  vortex , 
ring  will  be  formed  and  move  thru  the  tank.  The  structure  of 
this  ring  is  beautifully  shown  by  these  photographs,  which  are 
very  easily  made.  Let  me  call  your  attention  to  two  points  of 
importance.  Note,  in  the  first  place,  that  as  the  outer  circum- 
ference of  the  vortex  ring  is  naturally  greater  than  its  inner 
circumference,  it  will  be  more  retarded  by  friction  with  the 
surrounding  water.  Hence  the  ring  will  move  forward  in  a 
direction  which  corresponds  with  the  direction  of  rotation  of 
the  fluid  at  its  inner  edge.  It  was  mainly  for  this  reason  that 
our  flexible  columnar  vortex,  when  turnetl  up  into  the  form  of 
a  semi-circular  vortex  ring,  moved  forward  thru  the  water. 
As  one  end  was  fixed,  it  was  compelled  to  rotate  about  the 
motor  shaft.  The  smoke  ring,  or  liquid  vortex  ring,  being 
entirely  free,  moves  forward  at  right  angles  to  its  plane.  The 
second  point  is  one  which  may  have  a  bearing  on  Ihe  structure 
of  the  hydrogen  flocculi  surrounding  bipolar  sun-spots.  You 
will  notice  that  the  appearance  of  the  vortex  ring  is  not  pre- 
cisely the  same  in  this  side  view  of  its  upper  and  lower  faces. 
Above  we  see  a  hood  or  arch,  which  is  absent  below,  where 
the  stream  lines  are  straight  and  axial  opposite  the  center  of 
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_  Ibe  rini;,  and  become  more  and  more  convex  on  cither  «i(lc 
^■pf  this  axis.    We  will  return  to  this  presently. 
B»   Onr  hypothesis  suggests,  then,  that  a  typical  bipolar  sun- 
H|^0(  15  like  lialf  of  one  of  tlicse  vonex  rings.    If  so,  it  should 
^bldiibii  the  motion  of  a  vortex  ring,  and  move  at  right  angles 
Hift  the  line  joining  the  $)>ots.     As  this  line  usually  lies  nearly 
■  east  and  west  on  the  Sun,  a  bipolar  spot  should  move  to  the 
tianh  or  south,  its  direction  of  motion  being  determined  by 
that  of  the  inner  edge  of  the  ring. 
™^    Hence  we  niua  know  the  law  of  rotation  of  sun-spot  vortices. 
^HAkh  is  indicated  by  the  6gtire.  if  recent  observations  may  be 
Hn&tcd.     According  to  this,  low  latitude  spots  shoulil  move 
towanl  the  e(|uator.  while  high  latitude  spots  should  move  to- 
ward the  poles.     Both  Carri.ngton  and  Dyson   found  small 
average  motions  in  these  directions  for  low  and  hit;h  latitude 
ts.  bat  il  remains  to  be  seen  whether  a  rediscussion  of  the 
^  materia),  eliminating  single  spots  and  averaging  for  the 
t  zones  of  latitude  would  correspond  equally  well,    Then 
Bwould  come  the  question  of  the  spot  velocities,  which  now 
r  to  be  too  low.     But  without  dwelling  on  these  [wints. 
I  require  additional  solar  and  laboratory  work,  we  may 
1  to  the  last  illustrations  I  shall  present. 
I  In  the  solar  atmosphere  near  sun-spots,  as  I  have  already 
larked,  there  are  extensive  vortex  phenomena,  which  can 
he  photographed  with  the  red  line  (Ho)  of  hyilrogcn.      Some 
hare  regarded  these  as   hydro-dynamic   vortices,  but   others 
ha»e  considered  them  to  represent  the  paths  of  electrically 
charged  panicle^  as  defined  by  the  magnetic  helds  in  sun-spots. 
Another  simple  experiment  may  help  iis  to  see  what  hydro- 
dynamic    influence   a    low-lying   sun-spot    vortex,    single    or 
•knblc,  would  have  on  the  solar  atmosphere  above  it. 

Let  the  water  in  this  tank  represent  the  solar  photosphere. 
Just  below  the  surface,  and  extending  nearly  up  to  it,  is  a 
snail  paddle  wheel,  with  vertical  axis,  which  may  be  set  into 
nitation  by  an  electric  motor.  The  circulation  in  the  liquid 
vortex  thus  produced  is  similar  to  that  in  a  sun-spot;  upward 
Md  ipirally  outward  along  the  surface.  Let  us  now  stop  the 
{■(Idle  and  fill  thb  enclosed  space  above  the  water  with  stnoke. 
Wbco  the  paddle  is  once  more  set  into  rotation  a  secondary 
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vortex  is  produced  in  the  smoke,  which  is  drawn  outward  on 
the  water  from  the  center  of  our  artificial  spot.  The  smoke  at 
higher  levels,  flowing  inward  and  downward  to  replace  the 
smoke  thrown  outward  below,  moves  along  spiral  stream-lines, 
plainly  visible  when  sunlight  is  sent  into  the  tank  from  one 
side.  If  we  photograph  these,  as  Mr.  Luckey  has  done,  and 
compare  them  with  the  stream-lines  of  tlie  hydrogen  floccuti 
surrounding  sun-spots,  we  find  some  distinct  points  of  reseoi'  ' 
blance,  both  for  single  and  double  spots. 

Take,  for  example,  the  floccuH  surrounding  this  bipolar  spot 
group,  as  photographed  by  Fox  with  the  Rumford  spectro- 
heliograph.  Note  the  lack  of  symmetry  on  opposite  sides  of 
the  axis,  both  in  the  flocculi  and  ihe  smoke.  Note  also  the 
resemblance  to  a  moving  liquid  vortex,  seen  from  a  point  in 
the  plane  of  its  ring.  In  all  these  cases  the  direction  of  rota- 
tion of  spot,  paddle,  or  ring  is  the  same :  clockwise  on  the 
right  and  counter-clockwise  on  the  left.  ■  See  how  the  stream- 
lines come  in  at  one  side  nearly  at  right  angles  to  the  axis  of 
the  group,  exhibit  greater  and  greater  curvature  to  the  right 
and  left,  and  form  on  the  opposite  side  of  the  axis  a  hood  or 
arch. 

But  we  may  go  further.  The  spectroheliograpli.  by  a 
method  I  will  not  stop  to  explain,  pemiits  us  to  photograph 
the  solar  atmosphere  at  many  different  levels.  It  is  precisely 
as  tho  we  were  able  to  stand  vertically  above  a  tree  (which  we 
must  assume  to  be  transparent),  and  piiotograph  sections  at 
various  heights  thru  the  trunk  and  branches.  Such  pictures 
of  the  solar  atmosphere  about  sun-spots  show  little  or  no 
evidence  of  vortex  motion  near  the  ])hoCosphere.  Rut  after  a 
certain  height  is  attained  the  stream-lines  appear. 

It  is  interesting  to  compare  with  these  solar  results  the 
structure  of  the  smoke  vortices  at  different  levels.  This  can  be 
observed  and  photographed  by  illuminating  a  thin  layer  of  the 
smoke  at  any  distance  above  the  water  by  sunlight  passing 
thru  a  horizontal  slit.  At  high  levels  the  stream-lines  are 
nearly  radial,  as  they  appear  to  be  in  the  Sun,  Lower  down 
they  are  more  sharply  curved,  and  their  resemblance  to  the 
solar  flocculi  is  apparently  very  close  in  some  cases.  Still 
lower  the  curvature  is  more  marked  than  we  can  detect  in 
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;o  have  doubts  as  to  the  vnlidity  of  the 
that  we  fiiialiy  reach  a  point,  close  to 
",  where  the  inflow  is  suddcoly  changed  to  an  outflow. 
re  the  vortex  structure  is  not  in  cvi<lcnce.  Rni  the 
roahinf;  appearance  can  hardly  be  said  to  he  reflected  in  the 
rtmciure  of  tlie  low-lying  calcium  floccuU.  and  more  study  of 
this  rcfiion  is  certainly  needed.  It  must  be  renicnibcrcd  that 
the  sudden  change  of  density  at  the  water  level  does  not  cor- 
rcipocMl  with  the  gradual  change  of  pressure  in  the  solar 
The  photosphere,  instead  of  being  a  liquid,  is  a 
\  of  metallic  vapors,  at  a  temperature  above  fioon"  C, 
f  ccMiutning  small  liquid  particles  in  su-iitcnston.  The 
pressnre  increases  froin  vacuum  tube  values  at  high  levels  in 
tbc  chromosphere  to  about  one  atmosphere  near  the  photo- 
tphcre.  Thus  it  is  evident  Ihat  our  experinienis  should  be 
modified  to  conform  more  nearly  to  solar  conditions  before  any 
condusions  can  be  base<l  upon  them. 

A  final  exjieriment  with  our  smotcc  vortices  will  show  how 
we  may  imitate,  at  least  superficially,  the  appearance  of  solar 
pranuoences  near  sun-spots.  Here  arc  some  remarkable 
photographs  by  Si-OCL'm,  showing  a  solar  prominence  in  the 
«t  of  being  drawn  into  a  spot.  If  we  illuminate  a  vertical 
rruss-section  of  our  vortex  with  a  beam  of  sunlight,  we  can 
tee  the  smoke  being  drawn  toward  the  artihcial  sun-spot  in  the 
iraicT  below  it.  Near  Ihc  water  level  it  turns  sharply  and 
moves  outward  again,  an  effect  not  seen  in  the  Sun.  tmless  it 
it  partially  indicated  by  the  spectroscopic  obser\-ations  of 
IvviKSitF4>  and  St.  John. 

In  reviewing  the  evidence  afforded  by  these  experiments  we 
dearly  recognize  that  we  have  passed  rapidly  from  the  firtn 
gnmnd  of  demonstration,  afforded  by  the  existence  of  the 
Zeeman  effect  in  .sun-spots,  to  the  doubtful  region  of  con- 
iectare,  where  we  must  be  constantly  on  our  gturd  against 
(pccKNit  rejieinblances.  The  manner  in  which  a  flexible 
ctdnmnar  vortex  transforms  it!>elf  into  a  semi-circular  vortex 
ringf  is  certainly  suggestixt,  but  this  docs  not  justify  the  con- 
dusion  that  the  same  thing  actually  happens  in  bipolar  sun- 
fpou.  As  a  matter  of  fact,  when  we  examine  complex  spot 
nps  showing,  it  is  true,  opposite  magnetic  fields  at  their 
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amities,  but  containing  innumerable  small  spots  distributed 
along  the  axis  of  the  group,  we  find  it  hard  to  believe  that  they 
represent  a  semi-circular  vortex  ring.  Again,  if  we  find  in  the 
hydrogen  fiocculi  a  nearly  symmetrical  structure  resembling  the 
lines  of  force  between  opposite  magnetic  poles,  we  may  be  led 
toward  the  view  that  electromagnetic,  rather  than  hydrodynamic 
forces,  are  dominant.  Such  things  teach  us  to  realize  that  our 
experiments  are  imperfect,  and  should  be  brought  more  closely 
into  harmony  with  solar  conditions.  But  while  exercising 
every  precaution  we  need  never  fear  to  guide  our  successive 
steps  by  hypotheses,  so  long  as  we  maintain  an  open  mind,  and 
adhere  to  that  admirable  definition  of  Sir  Joseph  Thomson: 
"An  hypothesis  is  a  policy  and  not  a  creed." 
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DTE  ON  THE  ATMOSPHERIC  CONDITIONS   RE- 
QUIRED FOR  ASTRONOMICAL  OBSER\ATIONS. 


Br  JoKN  EmaMn>. 


I  In  an  interesting  anicle  on  this  subject  in  the  Puhlicaliotts 
E  the  Astronomical  Society  of  the  Pacific,  No.  158,  April. 
515,  Dr.  C,\MrHF.i.r.  vtry  kindly  refers  to  my  observations  in 
ishmir,  giving  an  abstract  of  the  Kodaikanal  Bulletin.  No. 
■4a,  in  which  I  contrast  the  conditions  on  the  valtcylloor  of 
Kashmir  with  those  on  the  mountain-top  at  Kodaikanal.  In 
thii  bultctin  1  showed  that,  owing  to  the  absence  of  convection 
rnrrcnt*  which  arc  so  minous  to  good  definition,  the  conditions 
for  sobr  observation  arc  very  greatly  superior  in  the  valley 
compared  with  the  mountain-top.  Dr.  Camprkll.  however, 
adu  for  information  as  to  the  night  conditions  on  the  mountain- 
top. 

I  am  verj-  glad  of  this  opportunity  to  discuss  the  cUmate  of 
Kodaikanal.  because  I  consider  that  my  experiences  point  to 
E  urgent  necessity  of  further  research  in  order  to  discover 
t  best  (Kwsible  sites  for  future  obser\'atorics,  and  the  results 
(  my  obsen-ations  make  me  very  hopeful  that  vastly  better 
nditions  arc  actually  available  than  those  which  have  hitherto 

^  considered  the  best. 

At  Kodaikanal  very  little  night  observation  is  done,  but  such 

Irk  at'  the  photografihy  of  comets  and  tlieir  spectra,  or  oc- 

sional  obsen'ation  of  planetary  markings,  has  left  a  distinctly 

'unfavorable  impression.     The  climate  is  a  moist  one,  with  a 

mean  annual  rainfall  of  about  bo  inches.     Rouglily  s)>eaking. 

there  i»  a  dry  and  a  wet  season,  that  is  to  &ay,  dry  spells  of 

weather  nuy  be  ex)>ected  during  llie  months  January  to  April 

inclu.'iive.  whilst  fine  mornings  are  prevalent  also  in  December 

and  May.     'Ilie  remaining  six  months,  June- November,  arc 

dominated  by  monsoon  conditions,  and  are  usually  wet.  cloudy, 

and  windy,  with  occasional  breaks  of  finer  weather.     When 

the  moniioon  is  of  normal  intensity,  observing  conditions  day  or 

night  are  hopelessly  bad.    One  may,  nevertheless,  obtain  almost 
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daily  photographs  of  the  Sun  during  this  season,  if  a  con- 
tinuous watch  is  kept  and  advantage  taken  of  the  least  opening 
in  the  pall  of  cloud;  but  such  photographs  are  of  no  great 
value,  owing  to  poor  definition.  There  is  usually  sonic  amelior- 
ation of  these  conditions  in  the  month  of  September,  when  the 
general  direction  of  the  monsoon  winds  is  changing  from 
southwest  to  northeast. 

In  the  dry  season,  and  during  sfwlls  of  clear  dry  weather, 
the  night  definition  is  generally  very  good  as  observed  with  a 
6-inch  telescope.  I  do  not  remember,  however,  to  have  ever 
seen  such  perfect  definition  as  Prof.  W.  H.  Pickering  de- 
scribes at  his  station  in  Jamaica.  I  believe  that,  with  high 
power,  star-image?  generally  show  some  slight  fluctuations, 
but  critical  tests  with  large  telescopes  have  not  been  made. 

Por  ordinary  photography  of  comets,  etc.,  the  dry  spells  are 
almost  ideal  for  transparency,  and  during  such  times  the  sky 
in  the  daytime  is  of  a  deep  blue  color  right  up  to  the  Sun's 
limb  and  down  to  the  horizon.  Unfortunately  we  do  not  get 
more  than  two  or  three  such  spells  during  a  dry  season,  each 
perhaps  lasting  a  week  or  ten  days. 

The  less  favorable  weather  during  the  dry  season  is  char- 
acterized by  the  prevalence  of  thin  .streaky  cloud  at  a  high 
elevation.  This  has  a  strong  tendency  to  form  immediately 
over  the  mountain  mass,  the  sky  over  the  adjacent  plains  being 
often  quite  clear.  This  diffusive  sky  is  a  great  hindrance  to  all 
spectro graphic  work,  day  or  night.  There  is  also  much  con- 
densation of  cimiuhis  cloud  during  the  mornings,  and  this 
frequently  develop.s  in  the  afternoon,  producing  thunder- 
storms and  heavy  rain.  If  it  clears  at  nightfall,  observations 
are  greatly  interfered  with  by  moisture  and  by  thin  clouds 
condensing  and  re-evaporating  in  the  most  exasperating  way, 
often  precisely  at  the  position  of  some  comet  or  other  interest- 
ing object  one  is  attempting  to  observe.' 

It  appears  to  me  that  the  periodical  long-continued  atmos- 
pheric disturbances  due  to  the  monsoon  currents  are  the  bane 
of  tropical  stations ;  at  any  rate  this  is  emphatically  the  case  in 

■  In  going  over  our  rfcords,  I  find  thai  of  wvcii  bright  camels  which  hivt  ap. 
pearcd  in  the  period  iQOMgii  inclusive  two  only  appeared  in  the  dry  teaaan.  and 
of  theie  Halley'i  com.!  it  the  only  one  which  could  be  photographed  under  really 
good  condition*,  during  April  and  the  early  pari  of  May,  iijio. 
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i.  and  far  drier  and  calmer  conditions  would 
certainly  be  Umju]  in  higher  latitudes,  as  for  instance  in  ihc 
two  desert  belts  of  the  I^arth  between  parallels  of  20°  and  30" 
oorth  and  south.  I  do  not,  however,  recommend  a  location  in 
actual  desert  regions,  where  many  obvions  disadvantages 
would  outweigh  the  advantage  of  clear  skies;  but  1  consider 
th*  idcml  locsiliiy  would  Iw  on  an  oceanic  island  situated  in  one 
o{  these  bells,  and  for  solar  work  the  smaller  the  island  and  the 
greater  the  extent  of  the  surrounding  ocean  the  better.  Every- 
c  who  has  traveled  much  by  sea  will  call  to  mind  the  rcmark- 
PlUe  uniformity  in  the  temperature  conditions  over  the  ocean. 
fTbe  diurnal  range  of  lemi>erature  is  much  smaller  than  on 
nd.  and  in  calm  weather  there  is  nothing  to  produce  sharp 
itrasts  of  temi>crature.  The  Sun  has  very  httle  heating 
dieci  on  the  sea,  the  energy  of  the  solar  rays  being  absorbed 
In  producing;  evaporation.  The  result  must  be  that  the  nonnal 
lempcralure  gradient  in  the  air  over  the  sea  is  far  more  uniform 
than  over  the  land,  where  strongly  heated  surfaces  produce 
violent  convection  currents,  more  especially  in  broken  motm- 
toinnu.'i  country. 

The  remarkable  experience  I  have  had  of  excellent  solar 
dHbiHion  near  to  the  sea  in   New  Zealand  and  Southwest 
Au¥tralia.  and  also  I  may  add  on  a  smalt  island  a  few  yards 
»CTX»9  in  the  middle  of  an  extensive  lake  in  the  Kashmir  Val- 
ley, tends  to  confirm  the  conclusion  that  an  extensive  water 
farfacc  should  be  favorable  to  good  definition,  and  I  am  now 
aUe  to  «ip[ilcment  these  observations  by  refwrts  of  the  solar 
Anitinn  carried  nut  during  several  months  by  Mr.  Gibbs,  of 
lebon.  New  Zealand,  at  the  coast  station  selected  by  me  for 
c  Cawthron  Observatory.    Mr.  Giubs  reports  that  during  the 
1  winter  weather  with  very  light  sea-breezes  during  the 
f  the  definition  on  a  scale  of  5  ranges  between  4.  4*,'!.  and  5. 
lactically   from  dawn  to  dark.     Such  a  state  of  things  is 
[>lme1y  undreamed  of  at  hill  stations,  ,ind  Mr.  C.\WTi!itos 
I  preatly  to  be  congratulate*!  on  the  sjilcndid  opportunKy  for 
liKzing  Mieh  conditions.    Mr.  Gibus  further  states  that  when 
e  wind  is  strong  and  from  the  southwest,  or  still  worse  from 
e  foutlieast,  definition  is  bad.    These  winds  at  Nelson  are  off 
t  Imd,     It  appears  clear,  therefore,  that  when  the  wind  b 
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lO  off  the  sea  it  brings  in  the  remarkably  uniform 
cini>e.  ire  conditions  which  must  obtain  over  the  ocean. 
Probably  the  great  contrast  of  temperature  conditions  over  the 
sea  and  over  the  land  would  cause  extensive  atmospheric  dis- 
turbances and  poor  definition  at  continental  coast  stations;  on 
islands,  however,  such  disturbances  would  be  insig:nificant,  and 
the  conditions  would  approximate  to  the  uniformity  over 
oceans. 

That  the  latitude  of  the  island  has  not  much  effect  on  tliis 
question  of  definition  appears  to  be  indicated  by  a  report  I  have 
just  received  from  Rev.  A.  L.  Cortie,  S,  J.,  who  observed  the 
total  eclipse  of  the  Sun  of  August  21,  1914,  from  the  small 
island  of  Hernosand  on  the  Baltic.  He  writes  that  with  a 
southeast  wind,  1.  e.  a  wind  blowing  across  150  or  200  miles  of 
sea,  "the  solar  definition  is  practically  perfect." 

After  these  experiences  it  is  not  at  all  surprising  to  read  th^ 
at  Mandeville  in  Jamaica  "the  Moon  is  as  clearly  seen  as  if 
atmosphere  were  entirely  removed,"  while  "it  is  doubtft 
whether  any  portion  of  the  civilized  world  can  furnish  poorw 
seeing  than  is  usually  found  in  our  Eastern  States."  Is  it  not 
worth  con.sidering;  whether  this  good  definition  may  be  due  to 
the  uniformity  of  temperature  gradients  over  the  sea  in  the 
neighborhood  of  Jamaica,  and  that  the  bad  definition  found  in 
the  Eastern  States  of  America  is  due  to  violent  atmospheric 
convection  set  up  by  irregular  heating  of  the  ground  over 
mountains  and  plains,  and  to  the  contrast  of  conditions  over 
the  continental  land-mass  and  the  adjacent  Atlantic  Ocean? 


It  appears  to  me  probable  that  over  an  enormously  extended 
land-mass  uniformity  of  temperature  gradients  can  scarcely 
ever  be  realized,  whereas  over  extended  oceans,  where  the 
solar  rays  have  so  little  healing  effect,  and  there  are  no  irregu- 
larities of  surface,  nnifonnity  would  be  the  rule.  I  consider 
that  it  would  be  well  worth  while  to  organize  a  visit  to  some 
of  the  Pacific  Islands,  with  the  special  object  of  observing 
the  definition  both  day  and  night.  The  innumerable  islands 
both  north  and  south  of  the  equator  in  this  ocean  afford  ample 
opportunity  for  selecting  a  site  in  a  latitude  where  clear  skies 
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arc  prevalent,  I  shall  never  cease  to  regret  having  had  no 
telescope  to  take  ashore  when  I  visited  Hawaii  in  1906.  I 
shall  certainly  take  the  first  opportunity  that  occurs  to  test 
the  solar  definition  on  a  small  oceanic  island. 

KODAIKANAL,  Junc    1$,    I9I5. 


AX  ERROR  IX  RADIAL  VELOCITY  OBSERVATIONS 
ARISING  FROM  NON-UNIFORM  SLIT 

ILLUMINATION. 


By  Reynold  K.  Young. 


It  has  been  a  common  experience  with  radial  velocity  ob- 
«er\crs  to  obtain  spectrograms  giving  unaccountably  large 
residuals.  For  a  three  prism  instrument  the  probable  error  of 
measurement  as  determined  from  the  agreement  of  the  lines 
is  certainlv  less  than  one-half  a  kilometer  and  often  as  small  as 
one  or  two-tenths,  while  the  mean  result  mav  be  in  error  by 
as  much  as  three  kilometers.  For  a  one-prism  instrument  the 
probable  error  of  measurement  of  a  late  type  star  is  less  than 
one  kilometer,  yet  plates  have  been  found  which  give  velocities 
as  much  as  ten  kilometers  from  the  truth. 

TheM*  large  errors  have  been  ascribed  sometimes  to  changes 
within  the  star,  sometimes  to  flexure  or  temperature  effects  of 
the  s|)ectrograph  and  sometimes  to  the  guiding  or  non-uniform 
illumination  of  the  slit.  Some  results  obtained  here  recently 
from  plates  taken  with  a  one-prism  spectrograph  seem  to  indi- 
cate that  the  major  portion  of  such  errors  may  be  ascribed  to 
the  latter  cause. 

C)n  June  ist  two  plates  were  taken  of  aBootis,  For  the 
first,  the  image  was  held  on  the  south  edge  of  the  slit  and 
for  the  second  on  the  north  edge.  This  procedure  was  fol- 
lowe<l  purposely  to  ascertain  if  it  were  possible  to  produce 
different  velocities  by  the  method  of  guiding.  Both  plates  are 
weak  in  the  violet  but  there  is  no  doubt  that  there  is  a  relative 
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displacement  indicated  by  the  two  plates  corespondiiig  to  a 

velocity  of  about  twenty-five  kilometers.     A  few  days  later  i 

the   experiment   was   repeated,   save   that   three   plates   were  t 

secured:   the  first  with  the  slit  north  of  the  star,  the  second  t 

guided  normally  and  the  third  with  the  slit  south  of  the  star.  I 

These  plates  confirm  the  previous  result.    The  first  plate  gives  ^ 

a  velocity  about  thirteen  kilometers  more  positive  than  the  1 

second,  and  the  third  a  result  about  thirteen  kilometers  more  , 

negative.     Of  the  three  plates,  the  first  is  weak  in  the  violet,  | 

but  the  second  and  third  appear  to  be  perfectly  normal  plates,  i 

In  the  June  number  of  this  journal,  Dr.  W.  W.  Campbell  I 

gives  results  from  observations  of  Venus  which  seem  to  show  | 
that   the   same  eflfect  may  be  present  when  guiding  on  the 
tenninator  of  a  planet's  image. 

Dominion  OnseuvATORv,  July  3,  1915. 


H 
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PLANETARY  IMIENOMEXA  FOR  SEPTEMBER 
AND  OCTOBER,  1915. 

Itv  Malcolm  McNtiu. 


New  Moon  ,.  "  9.  1  53 
RntQiarter.  "  15.11  3i 
HB  Mom...    "   73.   i  js 


:ooK,  rAcinc  timf. 

LaH  Quartet. .Oct,  1.  i''44"'.v.m 
New  Moon —  "  8.  I  43  p.m 
First  0»iarier ,    "    15,  5  51    * « 

Full   Moon "    zi.  4    15    P.M 

Last  Quarter..    "    30. 8  40    P.u 


Ttic  autiminal  cft>i<no^<  the  time  wlieii  the  Son  crosses  the 
equator  froin  north  to  south,  occurs  September  zjd  shortly 
after  7  p.  u. 
Mercury  passed  superior  conjunction  with  the  Sun  on  .-Vug- 
I4lh.  and  is  an  evening  star  until  it  reaches  inferior  con- 
ion  on  October  22(1.  It  reaches  the  greatest  e;tst  eloiiga- 
on  Uw  evening  of  September  27th.  The  apparent  dis- 
ifae  planet  from  the  Sun  at  this  time,  zh"^  2',  is  rather 
an  the  usual  greatest  elongation  distance:  but  the 
win  not  remain  above  the  horizon  as  much  as  an  hour 
after  sunset  thruout  the  two  months  period,  and  it  is  Uierefore 
not  in  good  position  for  nakcd-cyc  view.  This  is  what  usually 
happcrts  during  the  ea.st  elongations  which  come  in  the  autumn. 
The  planet  moves  along  in  a  patli,  roughly  speitking,  the  same 
as  that  of  the  Sun  among  the  stars,  and  at  the  time  of  greatest 
iCtst  elongation  will  be  at  a  point  which  the  Sun  will  reach 
lul  a  month  later,  except  that  on  account  of  its  being  in  the 
ithcm  half  of  its  orbit  it  will  be  2'^  south  of  the  nonnal  Sun 
poitliiin.  In  all,  it  will  on  September  27th  Ix*  more  than  12' 
south  of  the  Sun,  and  will  remain  above  the  horizon  only  three- 
fourths  of  an  hour  after  sunset.  After  passing  inferior  con- 
lion  on  October  221I  it  becomes  a  morning  star,  moves 
npidiy  away  from  the  Sun  and  at  the  same  time  is  some  dis- 
oofth  of  that  body,    by  the  end  of  October  it  rises  nearly 
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ir  and  a  half  before  sunrise  and  is  an  easy  object  in  the 
moi     ng;  twilight. 

Veniis  passes  superior  conjunction  with  the  Sun  on  Septem- 
ber I2th  and  changes  from  morning  to  evening  star.  Thruout 
September  its  times  of  setting  and  rising  are  almost  coincident 
with  those  of  the  Sun,  and  it  will  be  out  of  reach  of  naked-eye 
view.  By  October  i6th  it  has  moved  far  enuf  away  from  the 
Sun  to  remain  atwDve  the  horizon  nearly  half  an  hour  after 
sunset,  and  this  interval  increases  about  ten  minutes  by  the 
end  of  the  month.  Its  great  brightness,  altho  it  is  nearly  at  its 
minimum,  will  permit  naked-eye  view  low  down  in  the  evening 
twilight  in  the  latter  part  of  the  month;  but  the  present  two 
months,  September  and  October,  give  the  poorest  opportunity 
of  the  year  for  views  of  I'enus. 

Mars  is  swinging  around  toward  a  better  position  for  ob- 
servation. On  September  ist  it  rises  about  half  an  hour  after 
midnight,  and  at  the  end  of  October  a  little  more  than  half  an 
hour  before  midnight.  During  the  two  months  it  moves  about 
36°  eastward  and  3°  southward  thru  the  constellations 
Gemitii  and  Cancer.  During  the  latter  part  of  September  it  is 
in  the  neighborhood  of  Castor  and  Pollux,  a  and  p  GenuHorum, 
and  on  September  25th  passes  about  6°  south  of  Pollux,  the 
southern  and  eastern  one  of  the  pair.  On  September  loth  it 
passes  conjunction  with  Saturn  at  a  distance  of  1°  8'  to  the 
north,  and  on  October  nth  it  passes  1°  28'  north  of  NeptuM. 
Its  distance  from  the  Earth  diminishes  39  millions  of  miles 
and  its  brightness  increases  60  per  cent  during  the  two  months, 
so  that  it  is  beginning  to  be  quite  a  conspicuous  object,  altho 
only  about  one-fourth  as  bright  as  it  will  be  when  it  comes  to 
opposition  in  February  next. 

This  is  the  best  time  of  the  year  for  seeing  Jupiter,  as  it  is 
above  the  horizon  most  of  the  night.  It  comes  to  opposition 
with  the  Sun  on  September  17th.  On  September  1st  it  rises 
a  little  more  than  an  hour  after  sunset,  on  October  ist  about 
an  hour  before  sunset  and  at  the  end  of  October  it  remains 
above  the  horizon  until  about  2:30  a.  m.  It  moves  about  6° 
westward  and  2°  southward  in  the  constellation  Pisces. 

Saturn  on  September  ist  rises  at  about  i  a.  m.  and  at  the 
end  of  October  shortly  after  9  p.  m.    It  is  in  the  constellation 
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mini.  Mnith  anti  west  of  Castor  and  Pollux  and  moves  about 
'  ostward  during  the  nioiUh.  The  motion  grarliially  iliniiii- 
i  until  October  29th,  when  the  planet  1>ecome8  stationary 
Bind  then  begins  its  retrograde  or  westward  motion.  At  that 
dale  it  is  7°  west  and  the  same  amount  south  oi  Pollux,  ihc 
KKtlhcm  and  eastern  of  the  two  stars.  As  seen  in  the  tele- 
scope the  rings  are  not  <iuite  as  wide  open  as  they  were  during 
the  early  part  of  the  year,  the  minor  axis  being  about  40  per 
rent  of  the  major. 

Vranui  is  in  fairly  good  position  for  evening  observation. 
it  is  well  above  the  horizon  at  sunset  and  passes  the  meridian 
Uiortly  after  10  p.  m.  on  September  ist  and  shortly  after  6  p.  m. 
on  Octcjber  31st.  It  is  in  the  constellation  Capricorn  and  its 
motion  is  slowly  westward  until  October  22<l,  when  it  becomes 
stationary  and  then  resumes  its  eastward  course.  No  bright 
War  IS  near  it,  but  a  fourth  magnitude  star,  6Capricorni.  is 
qoite  close  during  early  September.  The  planet  will  pass 
about  8'.  one-quarter  of  the  Moon's  apparent  diameter,  south 

tpf  the  star  on  September  4th.    It  tlien  moves  away  to  the  west 
If  the  star,  but  after  the  planet  resumes  its  eastward  motion 
It  will  pass  the  star  again  on  December  27th. 
■    Scftune  remains  in  the  constellation  Cancer,  loo  faint  for 
mkcd-evc  view. 


tKN'ETARY  PHENOMENA    FOR   NOVEMBER  ANU 
DECEMBER,  1915. 


Br  Maicolm  McNmx 


rsAsu  OP  Tut  uoox,  rxanc  tiuk. 


r  Moon.. .Not.  6.  U^Si^TM.  N«w  Moon...Dcr  6,  10"  4"  r.u. 

I  Ouancr    ■    13.    3     3    'X-  F'rsl  Quarter    "    i.i,    ,i  38    k.u. 

I  Uoon...    "    >i,    9  36  A.M.  Full  Moon...     "    ai,    4  51    a.m. 

Lam  Qaafter.    "    ag.   a  15   p.h.  Lan  Quancr.    "   ^    4  99   a.m. 


The  Sitn  reaches  its  most  southerly  point  and  winter  begins 
December  a2d  about  3  p.  u..  Pacific  Time. 

Mercury  is  a  morning  star,  having  passed  inferior  conjunc- 
tion on  October  23A,  and  will  remain  a  morning  star  until  U 
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comes  to  siiijcrior  conjunction  on  December  15th.  At  first  its 
motkm  away  from  the  Sun  is  quite  rapid,  so  that  by  November 
1st  it  rises  nearly  an  hour  and  a  half  before  sunrise.  For  a 
few  days  before  this  date  it  may  be  seen  in  the  early  morning 
twilight.  It  reaches  greatest  west  elongation  on  November 
7th.  Its  apparent  distance  from  the  Sun  is  then  18°  57', 
rather  a  small  distance  for  a  greatest  elongation,  but  the  planet 
passed  its  aphelion  only  a  week  before,  on  October  30th.  The 
interval  of  an  hour  and  a  half  between  the  rising  of  the  planet 
and  sunrise  continues  until  about  the  middle  of  the  month,  and 
does  not  become  as  small  as  an  hour  until  near  the  close  of  the 
month.  After  passing  superior  conjimction  it  becomes  an 
evening  star,  but  does  not  reach  a  great  ennf  distance  for 
naked-eye  observations  until  after  the  end  of  December. 

Ventis  is  an  evening  star,  having  passed  superior  conjunc- 
tion with  the  Sun  on  September  lath.  But  as  it  has  moved 
away  from  the  Sun  rather  slowly  and  is  some  distance  south 
of  the  Sun  until  well  into  December,  it  has  not  been  long 
above  the  liorizon  after  sunset.  On  November  ist  the  interval 
is  less  than  forty  minutes  and  does  not  become  as  much  as  an 
hour  imtii  after  the  middle  of  the  month.  .After  December  ist 
the  interval  increases  much  more  rapidly,  so  that  it  is  about 
two  hours  on  December  31st.  It  is  in  aphelion  on  December 
9th.  but  tills  makes  little  difference  in  the  relative  positions  of 
planet  and  Sim  on  account  of  the  almost  perfect  circularity  of 
the  orbit  of  Venus. 

Mars  is  gradually  approaching  opposition,  but  will  not  reach 
it  until  February  9,  1916.  On  November  ist  it  rises  shortly 
after  11  p.  M.  and  on  December  3rst  shortly  before  9  P.  ,M.  It 
moves  ly"  eastward  and  4°  southward  from  the  extreme  east- 
ward part  of  Cancer  into  Leo.  with  a  gradually  diminishing 
motion  until,  on  the  last  day  of  December,  it  changes  its  posi- 
tion by  about  one  minute  of  arc.  an  amount  far  too  small  for 
naked-eye  observation,  and  is  nearly  ready  to  begin  its 
retrograde  or  westward  motion,  Thruout  December  it  will  not 
be  far  from  the  first  magnitude  star  Re^uhs,  aLeonis.  On 
December  13th  the  planet  and  star  are  in  conjunction,  the 
former  being  about  2°  30'  north  of  the  latter,  and  also  about 
the  same  distance  south  of  the  fourth  magnitude  star  a  Leonis, 
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the  Mar  which  marks  the  jtmction  of  the  handle  and  blade  of  the 
tickle,  while  Iteguliii  marks  the  end  of  the  handle.  After  this 
conjunction  Mars  moves  about  2°  to  the  east  by  the  end  nf  the 
month.  Soon  after  the  beginning  of  the  year  1916  the  planet 
will  begin  its  retrograde  motion  an<l  there  will  lie  another 
ciHijunction  with  Hcguliis.  The  motion  of  the  planet  vvith 
respect  to  the  sur  thnioiit  December  and  Jannary  will  give  a 
■  ginner  in  astronomy  an  unusnally  good  opiwrtunity  for 
tmly  of  the  fltrect  ami  retrograde  motion  of  a  planet.  Mars 
i  -  still  Hearing  the  Earth  quite  rapidly,  the  distance  diniinish- 
Tig  from  123  to  77  millions  of  miles  during  the  two  months. 
I  >n  December  8th  its  di.-itancc  from  ns  is  «iual  to  the  Earth's 
mean  distance  from  (lie  Sun,  Its  brightness  also  will  increase 
by  about  one-third.  At  the  end  of  the  year  it  will  be  more 
than  six  times  as  bright  as  it  was  at  the  beginning,  and  it  will 
not  gain  very  much  more  before  its  maximum,  near  the  liine 
of  opposition. 

Jupiter  is  in  fine  position  for  evening  ol»servation.  On 
st  it  is  on  the  meridian  shortly  before  g  r.  m.  an<l 
the  end  of  December  shortly  after  sunset.  It  is  in  the 
istellation  Pisces  and  up  to  the  middle  of  the  month  moves 
westwanl  slowly  and  with  diminishing  rapidity,  the  whole 
motion  being  le.ss  than  20*.  It  finishes  this  "arc  of  retrogres- 
sion" on  November  14th,  and  is  then  in  nearly  exactly  the 
same  place  among  the  stars  as  it  was  on  .^p^iI  26th,  the  ilis- 
tancc  travele<]  during  the  Imckwanl  motion  being  about  f>' 
ami  the  time  occupied  a  little  less  than  four  months.  .Vftcr 
paMing  the  stationary  point  the  planet  will  move  a  little  more 
than  3"  eastward. 
Saturn  h  getting  into  good  position  for  evening  observation 
it  approaches  opposition.  It  rises  shortly  after  9  p.  m.  on 
foveniher  ist,  and  at  about  5  ■>.  h.  on  December  31st.  It 
ntrogradcs.  moves  westward,  nearly  6°.  during  the  two 
mnciths  in  the  constellation  Gemini,  wuth  and  west  of  Castor 


eastward  m  the  constellation  Capricorn.    On  Dcccm- 
71b  it  is  again  in  conjunction  with  the  fourth  magnitude 


^and  PoUux. 

^h  Vranus  is  in  the  southwestern  sky  in  the  evening.    It 
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apricorni.  passing  about  6°  to  the  south  of  the  star. 
4-ij  lilt  ^nd  of  December  it  sets  at  about  7:30,  but  on  account  of 
its  faintness  it  cannot  be  seen  except  when  it  it  a  considerable 
distance  above  the  horizon. 

Neptune  is  still  in  the  constellation  Cancer,  too  faint  for 
naked -eye  observation. 


¥ 


NOTES   FROM    PACIFIC   COAST   OHSHRVATORIES. 


Appointment  of  Martin-  Kf-luxk  Fellow. 

Mr.  Roscoe  F.  Sankorii  (A.  B..  University  of  Minnesota. 

11)05),  ^*  **'"•  appointe<l   Martin   Kellogg  Fellow   for  tlic 

year  1915-1916.     Mr.  Sanford  was  in  residence  at  the  Lick 

Observatory,  as  Assistant,  for  two  years  (iyo6-iQoS),  resign- 

:  to  accept  a  position  as  assistant  in  the  expedition  to  San 

i*.  Argentina,  nntler  the  Canief;ie  Institution,   .\ftcr  a  service 

F  three  >"cars,  he  went  to  Santiago,  Cliile,  where  he  held  the 

wilioa  of  .Assistant,  and,  later,  of  .Assistant  Astronomer  in  the 

I.  O.  Mills  Expedition  from  the  Lick  Observatory.    Mr.  SaM- 

a  win  spend  the  year  at  Mount  Hamilton. 


A  New  Bright  Dounr^  Star. 

Tbe  4tar  41  Of-hiuchi  (R.  A.  i90O=:i7*  li"29";  Dccl.  = 
"  »').  was  noted  as  "possibly  a  close  uneqnal  pair"  in 
P5.  The  suspicion  could  not  be  verified  at  the  time  and  the 
r  was  not  examined  again  until  July  I.  1915.  Probably  the 
angular  distance  between  the  components  had  increased  in  the 
interval,  for  the  companion  was  then  easily  seen.  Measures 
im  ihree  nights  give  the  position,  1915.54.  ^O^^.j,  o".  52, 

The  maprnilude  in  H.  .-1.  50  is  4.82,  the  spectral  class  G  5. 
I  c»tima(c  the  companion  to  be  fully  three  magnitudes  fainter 
1  iu  primary.    From  the  data  in  Boss's  Preliminary  General 
pgue,   I   find  the  proper  motion  of  the  primary  to  be 
63  in  204"  A  This  is  undoubtedly  shareil  by  the  companion 
I  tafc  to  say  tlial  the  two  stars  constitute  a  physical 
R.  G.  AlTKEN'. 
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Note  os  the  Radial  Velocity'  of  the  Nebl:l.\  1068. 

A  spectrogram  of  the  spiral  nebula  N.  G.  C.  1068  was  ob- 
tained at  Mount  Hamilton  on  December  31,  1914,  with  a  spec- 
trc^aph  of  one-prism  dispersion  and  a  camera  of  short  focal 
length. 

The  positions  of  the  three  bright  lines  H|8,  N,  and  N,  were 
measured  by  Messrs.  Green  and  Moore.  Interpreting  the  dis- 
placements of  these  lines  on  the  Doppler-Fizeau  principle,  the 
radial  velocity  of  the  nebula  with  reference  to  the  Sun  is 
-|-  910""  per  second. 

It  is  of  interest  to  note  that  this  is  about  the  mean  of  the 
values  published  by  Mr.  Slipher,  -f- iioo^.  and  by  Mr, 
Pe*se, +765-.  J.  H.  MooK. 


I 
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GENERAL  NOTES. 


The  F«st  Pacific  Coast  Meeting  of  the  American  As- 
sociation FOR  the  Advancement  of  Science, 

August  2-7,  1915. 

This  first  Pacific  Coast  meeting  proved  to  be  one  of  the 
interesting  and  profitable  in  the  history  of  the  Associa- 
and  of  the  afKliated  societies  which  make  up  the  sections 
of  die  Association.  The  thanks  of  all  are  due  to  the  ver\' 
^^^Sri^t  Pacific  Coast  Committee  for  the  perfection  of  its  ar- 
nngements  for  the  meetings,  social  functions,  and  excursions 
of  die  individual  sections,  and  in  particular  for  the  excellent 
printed  general  program,  which  so  completely  anticipated 
every  need  for  information  on  the  part  of  the  visiting  scientists. 
Wldi  meetings  held  at  San  Francisco.  Berkeley,  and  Stanford, 
some  confusion  might  have  been  expected,  but.  thanks  mainly 
to  die  complete  information  given  in  the  official  program,  none 
experienced. 

In  reporting  these  meetings  for  the  readers  of  the  Publica- 
it  IS  our  intention  to  mention  brieflv  some  of  the  more 
features  of  the  conference,  and  to  give  in  more  detail 
die  meetings  of  the  American  Astronomical  Society. 

The  meetings  were  inaugurated  by  a  joint  session  of  the 
Anociation  and  affiliated  societies  at  the  Scottish  Rite  Audi- 
torium  on  Monday  morning,  where  Dr.  W.  W.  Campbell. 
President  of  the  Association,  very  happily  introduced  for  brief 
of  welcome  to  the  visiting  scientists,  Mr.  \Vm.  H. 
t.  Dr.  B.  I.  Wheeler,  Dr.  D.  S.  Jordan,  Dr.  II.  F. 
r,  and  Dr.  L.  O.  Howard.  Following  these  Dr.  Camp- 
gave  his  presidential  address  on  the  subject,  ** Science  and 
GmHation.*'  This  able  address  held  the  interest  and  attention 
of  the  large  audience,  and  we  regret  that  lack  of  space  pre- 
vents giving  an  abstract  of  it  here ;  it  will  be  published  in  full 
in  Science. 

No  sessions  were  held  on  Monday  afternoon,  but  a  ver\'  cn- 
jox-able  general  reception  was  given  that  evening  at  the  Cali- 
fornia Building  on  the  Exposition  grounds. 
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The  rest  of  the  week  was  given  up  to  the  meetings  of  the 
various  sections  of  the  Association  at  Berkeley  and  at  Stan- 
ford. On  Wednesday  over  four  hundred  members  and  friends 
were  taken  to  Stanford  on  a  special  train.  After  a  general 
meeting  in  the  Assembly  Hall  of  the  University,  at  which 
Chancellor  Jordan  made  a  short  adtlress  of  welcome,  re- 
sponded to  by  Dr.  Campbell,  luncheon  was  ser\'ed  in  the 
Memorial  Court  of  the  quadrangle.  Opportiuiitj'  was  given 
to  inspect  the  buildings  and  grounds,  and  sessions  of  the 
various  societies  were  held  during  the  afternoon. 

No  sessions  of  the  sections  were  held  in  the  evenings  but 
addresses  before  the  Association  as  a  whole  were  gi\'en  in  the 
Scottish  Rite  Auditorium,  San  Francisco,  on  Tuesday,  Thurs- 
day and  Friday  evenings.  The  speakers  and  subjects,  in  order, 
were:  Professor  R.  A.  Daly,  Harvanl  University,  Problertu 
of  the  Pacific  Islands;  Professor  W.  B.  Scott,  Princeton  Uni- 
versity, The  Isthmus  of  Panama  and  its  Influence  on  Ike 
Animal  Life  of  North  and  South  America :  Dr.  P.  S.  Rejnsch. 
American  Ambassador  to  China,  The  Economic  Future  of  the 
Pacific. 

Wednesday  evening  was  set  aside  for  the  annual  dinners 
an<l  reunions  of  the  various  societies. 

The  meetinfjs  of  the  .American  Astronomical  Society  were 
well  attended,  and  only  the  fact  that  quite  a  proportion  of  the 
papers  were  ]>erforce  read  by  title  made  it  possible  to  get  thru 
the  very  fnll  list  of  papers  presented.  .Among  those  present  at 
the  sessions  were : — 

.AniioT.  C.  E.  .Adams,  .Aftkrv,  Ae.tkr,  Applr,  .Ash.  Baiicock, 
1!a[-kr,  IJrackktt.  ISrasch,  [Urckieat.tich,  \V.  W.  Ca.mpiiell. 
Ci':nRL\x.  CnsTA,  Chawkohei,  Clhtis.  Cusurxc.  C.  L.  D(X)lit- 

TLK,    D(JLi(]LAS,S,    Fj)WAR[:S.    IlIlTIIlLnr.RCICR,    ElXAKSSON.    FaTH. 

Gray,  G.  P..  Male.  W.  H.  IIatj:,  IfAMii-TON,  Hi-:drick,  Jov. 
-A.  S.  Ki\(-.,  Klotz,  L.\i(kix,  I,e!;,  LEfscirNfCR.  Martens, 
Mrr.cERS,  Mkvicr,  MrrtiiEr.L,  ^Iolera,  Moore,  Morse, 
MfniEEKWRi.i,,  \[L!i(H,S(>x.  T'AonocK.  Pl.vskeit,  Richard- 
son, Kh;i;e,  Schlesincer.  SicarevS,  Sicia.A.  Sii.vn.KY,  STEiifiiNS, 
St.  John,  SwKzr.v.  Towni.kv.  Trl'man,  Tcckrr,  Ti'Rner, 
\'rih>m.\n,   Wric.ht,   Zh-:l,   and   the   Misses    Fcrness.    Har- 
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woie.  HoBK,  Lamsox.  O'Hallorax.  SciirMAciiF.H,  Schwartz, 
and  Wake. 

On  Tueulay  morning  a  joint  session  of  Sections  A  and  B 
of  the  Association,  tlie  /Vmerican  Astronomical  Society,  the 
Amencan  Mathematical  Society,  and  the  American  I*hysical 
Societr  was  helil  at  RCTkclcy.  Professor  LEifScnxEB,  Vice- 
piCMiicnt  of  Section  A,  presiding.  The  addresses  on  this  oc- 
OMon  were  two  in  number:  "The  Unman  Signilicance  of 
Maihcnulicii,"  by  Professor  C.  J.  Kevser,  of  Columbia  Uni- 
icrsiiy.  and  "The  Work  of  a  Modern  Ohservatory,"  by  Di- 
-Ttor  G.  E.  Ham;,  It  is  impossible  to  give  an  abstract  of 
I'roiessor  Keyses's  jwwerful  and  deeply  philosophical  ad- 
dress, and  it  is  to  l>e  hoped  that  this  will  soon  be  published  in 
Were  it  possible  to  summanze  this  theme  in  a  few  sen- 
..  it  might  iHjrhaps  be  said  that  the  title  might  well  have 
been.  "The  Ethical  Significance  of  M.ithematics."  for  the 
ffwakcr  did  not  touch  at  all  upon  the  more  material  |>oints  of 
coniaci  which  mathematics  has  with  modem  life  ami  eiviltz;i- 
but  rather  upon  the  importance  which  this  great  body  of 
has  for  the  souls  of  men :  from  an  ethical  and  philoso- 
l^ucal  «>tand]ioim.  the  existence  of  this  great  realm  of  pure 
tfaoofrht,  of  absolute  truth,  of  umleviating  law,  is  of  incalcul- 
able valiK. 

Direrlor  Hale's  very  interesting  address  is  published  else- 
tere  in  this  numlxrr;  it  was  profusely  illustrated  with  lan- 
I  slides  and  by  a  number  of  experiments  illustrating  the 
»rie«  of  sun-spots. 
After  a  pleasant  luncheon  at  the  Faculty  Club,  where  the 
u's,  physicists,  and  mathematicians  were  the  guests  of 
ofes9ors  Haskell,  Leusciiner,  and  Lewis,  the  Astronomi- 
I  Society  met  in  joint  session  with  the  Astronomical  Society 
f  Uie  Pacific  in  the  Student's  Observatory.  At  this  session 
die  Uruce  Gold  Medal  of  the  Astronomical  Society  of  the 
Pacific  was  presented  to  Dr.  Campbei.u  The  very  happy  ad- 
dress of  presentation  was  made  by  Dr.  Crawv-ord,  and  is 
printcJ  in  this  number  of  the  PuhlicatioHS. 

The  following  papers  were  presented  at  the  various  sessions 
of  the  Society ; — 
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1.  Frank  ScHLESiNGER:  Description  of  the  Thaw  Refractor 
of  the  Allegheny  Observatory. 

2.  W.  W.  Campbell  and  J,  H.  Moore,  Lick  Observatory: 
On  the  Radial  Velocities  of  the  Planetary  and  Irregular 
Nebula. 

3.  S.  D.  TowNLEY,  Stanford  University:  The  Designation 
of  Variable  Stars. 

4.  S.  D.  TowNLEY :  The  Variable  6.  1914. 

5.  R,  G.  AiTKEN,  Lick  Observatory :  A  Statistical  Study  01 
Double  Stars  in  the  Northern  Sky. 

6.  Jacob  Kunz  and  Joel  Stebbins,  University  of  Illinois: 
Progress  with  the  Photo-Electric  Photometer, 

7.  H.  D,  Curtis,  Lick  Observatory :  Nebular  Proper 
Motions. 

8.  A.  H.  Joy,  Yerkes  Observatory,  {introduced  by  O.  J. 
Lee)  :  Investigation  of  the  Ouster  M  37  for  Proper  Motion 
from  Plates  taken  with  the  40-inch  Refractor  of  the  Yerkes 
Observatory. 

9.  W.  H.  Wright.  Lick  Observatory:  The  Spectra  of  the 
Gaseous  Nebulse,  and  Some  Points  of  Corespondence  between 
Them  and  Other  Celestial  Spectra. 

10.  E.  E.  B.vRXARD,  Yerkes  Observatory:  Photographic 
Comparison  of  a  Bright  Nebula  with  a  Dark  One.  and  the 
Possible  Luminosity  of  Space. 

11.  Margaret  Harwood:  The  Light  Curve  of  froj  in  1914. 

12.  W.  S.  Adams,  Mount  Wilson  Solar  Observatory:  The 
Radial  \'elocities  of  the  More  Distant  Stars. 

13.  Elliott  Smith.  Cincinnati  Observatory:  The  Evolu- 
tion of  a  Gravitating,  Rotating,  Condensing  Fluid. 

14.  S.  A,  MiTCiii;i,[.,  McCormick  Observatory:  Parallax 
^\'o^k  at  the  McCormick  Observatory. 

15.  S.  A.  Mitchell:   Request  for  Meteor  Observations. 
lO.  O.  J.  Lee  and  A.  H.  Jov,  Yerkes  Observatory:    Stellar 

Parallaxes  derived   from  Plates  taken  with  the  40-inch  Re- 
fractor of  the  Yerkes  Observatory. 

17.  O.  J.  Lee,  Yerkes  Observatory:  Preliminarj-  Report  on 
General  Stellar  Parallaxes  in  Zone  +45°  of  the  Selected 
Areas. 
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18.  A.  VAX  Maanen,  Mt.  Wilson  Solar  Obscn-aton- :  The 
IVtcnnination  of  Stellar  Parallaxes  with  the  60-inch  Reflector 
at  Mt.  Wilson. 

10.  Frank  D.  Urie,  Elgin  Obscn-aton* :  Chronographic 
Rci^i^tration  of  the  Arlington  Radio  Time  Signals. 

20.  Fr.\xk  D.  Urie:  Chronographic  Determination  of  the 
Lag  Between  the  Arlington  and  Key  West  Radio  Time 
Signals. 

21.  R.  H.  Tucker,  Lick  Obscr\-atorv :  The  Places  of  the 
.\.  ij.  Zone  Catalogs. 

22.  Frank  W.  Very,  Westwood  Observator}-:  Fundamental 
Di>tinctions  Special  to  the  Process  of  Transmission  of  Ter- 
restrial Radiation  by  the  Atmosphere,  and  the  Value  which  is 
<r>btained  for  the  Coefficient  of  Transmission  when  these  are 
Considere<l. 

23.  Frank  W.  Very:   Spectrum  of  the  Earthshine. 

24.  L.  A.  Bauer.  Carnegie  Institution:  General  Results  of 
the  Magnetic  Sur\-ey  of  the  Pacific  Ocean  by  the  Cam^e  In- 
stitution of  Washington. 

2^.  C.  G.  Abbot,  Smithsonian  Institution:  The  Variabilitv 
of  the  Sun. 

26.  D.  P.  Tow).  Amherst  Obser\'ator\- :  Photographing  the 
Corona  of  August  21.  1914,  in  Russia. 

27.  F.  W.  RiGGE.  Creighton  University:  The  Solar  Eclipse 
of  1916.  December  24th-25th. 

2S^.  A.  E.  DouGL.\ss,  University  of  Arizona :  Correlation  be- 
tween  Sun-spots.  Weather,  and  Tree  Gro>%'th. 

29.  A.  E.  EVii'GLASs:  Photog^phs  of  the  Zodiacal  Light 
and  Gegenschein. 

JO.  C.  E.  St.  John.  W.  S.  .-Kdams,  and  Miss  Louise  Ware, 
Mt.  Wilson :   Recent  Obser\'ations  of  the  Rotation  of  the  Sun. 

^i.  Miguel  Selga.  Manila  Obser\'ator\- :  The  Orbit  of  the 
S{>ectroscopic  Binar\-  Sigma  Scorpii, 

32.  F,  H.  Se.\res,  Mt.  Wilson:  Photographic  Magnitudes 
of  Stars  in  the  S>elected  Areas. 

^.  Harlow  Shaplev,  Mt.  Wilson:  Magnitudes  and  Colors 
of  Stars  in  the  Hercules  Ouster. 

34,  F.  C.  Jordan.  Allegheny  Observatory':  Photographic 
Photometr}-  with  the  jo-inch  Thaw  Refractor. 
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35.  D.    Alter,   University    of   California:     The    Orbit   of 

36.  Annie  J.  Cannon,  Harvard  Observatory;  The  New 
Draper  Catalog. 

37.  C.  E.  Adams,  Lick  Observatory:  Preliminary'  Note  on 
the  Determination  of  the  Moon's  Place  by  Photograjihy. 

38.  W.  C.  RuFUs:  The  Spectra  of  Stars  belonging  to  Class 
R. 

39.  H.  S.  Leavitt,  Harvard  Observatory :  A  Star  having  a 
Large  Color  Index. 

40.  G.  F.  Paddock,  Lick  Obser\'atory :  Formulas  for  Spec- 
troscopic Binary  Orbits  of  Small  Eccentricity  and  for  Systems 
showing  Two  Spectra. 

41.  G,  F.  Paddock:  The  Spectroscopic  Binary  v^Eridatti. 

42.  A,  F.  Beal,  Allegheny  Observatory:   Note  on  ij  OrionU. 

43.  Z.  Daniel  :   Note  on  VV  OrionU. 

44.  C.  D.  Perrine,  Cordoba  Observatory :  An  Apparent  Re- 
lation between  the  Inherent  Velocities  of  the  Brighter  Stars 
and  Their  Magnitudes. 

45.  C.  D.  Perrine:  Some  Peculiarities  of  an  .Apparently 
Semi -systematic  Natnre  in  the  Radial  Velocities  of  the 
Urighter  Stars  of  diftereiit  Spectral  Classes,  and  Their  Effect 
upon  the  Solar  Motion. 

46.  S.  B.  Nicholson,  I'niversily  of  California:  The  Ninth 
Satellite  of  Jupiter. 

47.  R.  K.  YoL'NG,  Dominion  Observatory:  The  Mean  Dis- 
tance of  the  Stars  Whose  Radial  Velocities,  Proper  Motions, 
and  Parallaxes  have  been  Determined. 

Many  of  these  papers  were  illustrated  by  lantern  slides; 
others  by  charts  and  diagrams.  Abstracts  will  be  printed  later 
in  Popular  Astronomy  in  the  report  of  the  Secretary  of  the 
meeting,  and  most  of  the  papers  will  be  published  in  full  in 
various  technical  journals. 

The  banquet  of  the  astronomers  and  mathematicians  form- 
ing Section  A  of  the  .Association  was  held  on  Wednesday  eve- 
ning at  the  Hotel  Oakland,  with  fifty-one  present,  and  was  a 
most  enjoyable  occasion. 

Some  fifty  members  of  the  same  section  visited  Mt.  Hamilton 
on  Friday,  August  6th,    During  the  afternoon  a  business  meet- 
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■  hK  it  Ihc  Astronomical  Society  was  held,  at  which  the  ati- 
aouncemcnt  was  niaile  that  Professor  KapTEyn  was  elected 
an  Honorary  Member  by  the  Council.  Reports  of  committees 
were  nceived  and  officers  were  balloted  for  and  elected  as 
follows.^ 
President,  E.  C.  Pickering. 

I  First  Vice-President,  W,  W.  Caupbelu 
Secxmd  Vice-Pre*idcnt,  F.  Schi-KSINGEB. 
Sieeretary,  Phiup  Fox. 
Treasorer,  Mis?  Annie  J,  Caknon. 
Councillors,  E.  B.  Fbost,  J.  Stebbins. 
At  five  o'clock  the  visitors  proceeded  to  the  "camp  ground" 
Dear  East  Peak,  where  tables  had  been  set  up  under  the  fine 
oaks  at  this  s|)Ot.  and  partook  of  a  buffet  supper  with  the 
families  of  the  Lick  Observatorj-  suff.  In  the  evening  a  num- 
ber of  objects  were  observed  with  the  36-inch,  while  at  the 
i2-indi  telescope  Dr.  STEBBrNs  demonstrated  the  use  of  the 
pholo-dectric  cell.  The  visitors  left  for  San  Jose  about  ten 
r.  M.  The  next  morning  a  trip  was  made  to  Pleasanton,  where 
Mrs.  HtABST  had  invited  the  members  of  the  astronomical  and 
mathematical  sections  to  be  her  guests  at  her  country  place, 
the  Hacienda  del  Poxo  de  Verona.  The  recollection  of  this 
beautiful  spot  will  doubtless  remain  with  all  long  after  all 
other  incidents  of  the  convocation  week  arc  forgotten. 


I  Jt  gives  US  particular  pleasure  to  record  that  the  North- 
I  University,  Hvatiston,  Illinois,  at  commencement.  June 
,  1915.  conferred  upon  Suobukne  \Vi-:sixy  Burnhau  the 
:  of  Doctor  of  .Science.  In  making  this  announcement. 
■ofeAior  Bl'rmi.xu  was  characterized  as — 
"An  astronotncr  of  international  renown,  an  investigator 
who,  starting  as  an  amalciir  with  an  instrument  of  small  power, 
has  given  distinctton  to  the  two  greatest  telescopes  in  the 
world;  a  discoverer  who  has  nude  us  acquainted  with  more 
than  a  tbtnuaod  new  doubk-suns :  a  signal  example  of  dcvo- 
liaa  to  science  nnswerved  hy  any  distraction:  a  lover  of  truth; 
a  gcnerxMi*  friend  whoM:  achievements  we  are  glad  to  recognize 
e  distinctioa  we  annot  angmaiL" 
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We  regret  to  record  the  death,  on  May  14,  1915,  of  Professor 
Dr.  Oswald  Lohse,  chief  astronomer  at  the  Royal  Astro- 
physical  Observatory  at  Potsdam,  Germany.  Born  in  1845. 
Dr.  LOHSE  became  Professor  H.  C.  Vogel's  assistant  at  the 
observatory  at  Bothkamp  in  1870,  and  wlien  the  latter,  four 
years  later,  accepted  the  directorship  of  the  ol>servatory  then 
being  built  at  Potsdam,  he  chose  Lohse  as  his  first  assistant. 
His  principal  researches  relate  to  surface  details  and  physical 
peculiarities  of  the  planets  Mars  and  Jupiter,  but  he  did  useful 
work  in  observing  double  stars  and  computing  double-star 
orbits,  and  in  spectroscopy. 

It  is  reported  that  the  position  left  vacant  by  his  death  has 
been  filled  by  Professor  Dr.  Hans  Ludendorf. 


Associated  Observeks  of  Mars. 
Dear  Sir: — 

During  the  period  of  the  past  oppcsilion  of  Mars  the  writer 
issued  a  series  of  reports  on  the  planet,  which  were  published 
in  Popular  Astronomy.  Nine  numbers  have  so  far  appeared, 
and  others  are  in  process  of  preparation.  During  part  of  the 
time,  when  the  changes  taking  place  upon  the  .surface  were  most 
readily  seen,  the  rejiorts  appeared  at  intervals  of  a  month,  the 
plan  being  to  issue  a  regular  monthly  record  or  news  sheet  of 
the  happenings  ujxm  the  planet.  These  changes  were  partly 
meteorological  and  partly  related  to  the  growth  of  vegetation, 
as  indicated  by  the  changes  in  the  appearance  of  the  maria  and 
the  canals.  .'\  system  of  co-operation  by  corre.*pondence  was 
established  wiih  other  observers  in  different  parts  of  the  world, 
which  resulted,  it  is  believed,  in  mutual  advantage.  It  is  now 
proposed  to  extend  this  system  so  as  to  include  a  still  larger 
number  of  observers. 

The  particular  object  in  mind  depends  on  the  fact  that  the 
period  of  rotalion  of  Mars,  is  about  forty  minutes  longer  than 
that  of  the  li^rth.  and  consequently  any  single  observer  can 
only  study  a  given  region  of  the  planet  for  a  few  days  at  a 
time.  Other  regions  then  come  into  view,  and  the  first  region 
is  not  again  seen  by  him  for  .ibout  four  weeks.  Much  of  interest 
may  happen  in  that  region  in  the  meantime,  and  interesting 
changes  may  take  place  which  will  thus  be  entirely  lost  to  him. 
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Since  most  of  the  ob-ervers  of  Mars  al  present  rcsi<!c  between 
Iimgitudes  \$^  E.  anil  115°  W..  many  valuable  facts  regard- 
ing the  planet  may  pass  unrecorded,  and  be  permanently  lost 
10  fcience.  To  overcome  this  difficulty  it  is  necessary  to  secure 
obscrrations  as  far  as  may  be  in  all  longitudes  around  our 
globe.  ITiis  idea  has  been  very  clearly  expressed  by  M.  Jarrv- 
Dksixxxs  in  his  "Observations  des  Surfaces  Planetaires,"  2, 

It  b  proposed  to  issue  the  reports  free,  to  all  taking  an 
ivc  part  in  the  observations.  They  will  be  forwarded  regu- 
iy  after  the  receipt  by  the  writer  of  the  first  observations 
drawings.  In  Report  No.  9  herewith  transmitted,  sug- 
llcsUotu  are  made  as  to  the  regions  where  changes  may  be  ex- 
pected, and  the  time  when  it  is  thought  that  they  may  occur. 
but  much  is  likely  to  happen  on  the  planet  which  cannot  be 
ioreMcn.  Drawings  should  be  made  at  least  once  a  week,  and 
more  frequently  if  possible,  when  the  planet  is  nearest  us. 
Micrometer  observations  are  very  desirable  from  those  who 
piTopcrly  equipped  and  able  to  reduce  the  corresi)onding 
ludes  an<l  longitudes.  Excellent  results  may  be  obtained 
an  8-inch  telescope,  but  even  one  of  5  inches  aperture 
give  results  of  value.  Opposition  occurs  rcbniary  9. 
116.  Diameter  of  the  disk  i5".o.  Little  of  value  can  be 
ired  before  Otol)er  ist.  diameter  fi"  .5.  Itut  ot>scrvalions 
between  that  date  and  the  middle  of  January  will  have 
ptional  value,  because,  since  it  is  necessary  to  observe 
diOTtly  before  sunrise  in  onler  to  secure  them,  they  will 
iturally  be  few  in  mmiber.  Moreover,  it  is  believed  that  the 
changes  occurring  upon  the  planet  will  be  more  marked  during 
period  than  later.  Drawings  made  at  a  lower  altitude 
ya"  are  of  little  use.  On  account  of  the  distance  of  the 
,,  observations  made  before  December  ist.  diameter  0"  -5, 
wfailc  they  may  be  of  much  value,  will  be  a  little  discouraging, 
owing  to  the  lack  of  detail.  For  these  reasons  observers  will 
not  be  asked  la  begin  observing  regularly  before  January,  but 
obfervations  of  the  Syrlis  Major  made  on  those  dates  in 
October,  November,  and  December  indicated  in  Tabic  I  of 
Report  No.  9  would  be  of  exceptional  interest. 
A  monthly  ret>ort  including  drawings  is  desired  from  each 
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observer,  but  it  is  not  wished  to  interfere  in  any  way  with  tlie 
sending  of  reports  and  drawings  from  those  who  are  associated 
with  the  British  Astronomical  Association  to  their  Section. 
Indeed,  it  is  not  in  most  cases  expected  to  publish  the  draw- 
ings, but  only  to  study  them,  especially  those  exhibiting  change. 
After  these  studies  have  been  completed,  at  the  end  of  the 
opposition,  the  drawings  will  be  returned  to  those  who  request 
it.  It  is  recommended  that  the  observer  secure  a  copy  of  ttie 
Nautical  Almattac. 

Suggestions  and  remarks  regarding  the  observations  will  at 
ail  times  be  welcomed,  and  in  order  to  make  the  research 
muliially  helpful,  information  regarding  any  detail  as  it  ap- 
peared at  other  stations  on  previous  dates  will  be  supplied  as 
far  as  possible  on  request.  For  this  reason,  as  well  as  to  aid 
in  the  monthly  pubhcation  of  information,  it  is  very  desirable 
that  observers  should  report  as  regularly  as  possible  every 
month. 

It  is  suggested  that  where  two  or  more  available  observers 
exist  in  any  locality  they  should  combine  their  efforts,  using  - 
the  telescope  at  ditferent  times,  and  thus  increasing  the  num- 
ber of  observations.  While  they  might  properly  compare 
their  results  before  transmitting  them,  each  should  take  especial 
care  not  to  be  unduly  influenced  by  the  drawings  of  the  other. 

Copies  of  Popular  Astronomy  containing  the  early  reports 
may  be  obtained  if  desired  by  application  to  Professor  H.  C. 
Wilson,  "Popular  Astronomy,"  Northfield,  Minnesota,  U.S.A. 

Are  you  able,  and  do  you  feel  inclined  to  take  part  in  this 
investigation? 

If  not,  will  you  suggest  the  matter  lo  some  one  in  your 
vicinity,  or  associated  with  you,  who  would  be  able  to  do  so. 

What  telescopic  aperlure  is  available  for  the  research,  and  is 
it  a  refractor  or  a  reflector? 

Respectfully  yours, 

W.  H.  Pickering. 

HaRVABU   AsTBONaMICAL   STATION, 

Mandeville,  Jamaica,  B.  W.  I. 
July  I,  1915. 
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TTic  AsTtoNOMiscHE  Nachrichten  has  just  entered  upon 
its  201  St  volume.  In  the  first  number  of  this  volume  (No. 
4801),  the  present  editor,  Professor  Dr.  H.  Kobolo,  briefly 
reviews  the  long  and  honorable  history  of  the  journal,  which, 
under  the  editorship  successively  of  Schumacher  (the  found- 
er), Petersen  and  Hansen,  C  A.  F.  Peters,  C.  F.  W.  Peters, 
Krueger,  Kreutz  and  Kobold,  has  been  a  powerful  factor  in 
the  development  of  modem  astronomy.  Tho  many  other 
strong  journals  have  been  established  in  more  recent  years  and 
many  observatories  have  adopted  the  plan  of  publishing  series 
of  Bulletins,  the  Astronomische  Xachrichten  still  holds  a  high 
place  in  astronomical  literature  and  it  is  to  be  hoped  that  a 
long  and  useful  future  lies  before  it. 


xllnutes  of  the  meeting  of  the  board  of  directors  of  the 

Astronomical  Society  of  the  Pacific,  held  at  the 

Students'  Observatory,  Berkeley.  California. 

ON  June  29,  191 5,  .\t  7:30  p.  m. 

There  were  present  President  R.  G.  Aitken  and  Directors 

CUSHINC,  BURCKHALTER,  CoSTA.  CoRNISH  and  RiCHARDSON. 

Mr.  Alfred  S.  Maylor.  of  Oak  Harbor,  Washington,  and 
Nf  r.  S.  I.  .\ll.\rd.  of  Eureka,  California,  were  elcrted  members 
of  the  Societv. 

.\  suggestion  was  made  by  President  Aitken.  representing 
the  Publication  Committee,  that  the  next  two  issues  of  the 
Publications  be  consolidated  into  one  issue,  to  appear  about  the 
last  of  .\ugust.  This  would  include  the  issues  generally 
printed  for  the  months  of  .\ugust  and  October.  Two  reasons 
were  given  for  this  suggestion,  one  being  that  of  economy  and 
the  other  being  the  desirability-  of  introducing  some  special 
features  into  the  number  which  will  follow  and  report  the 
procee^Iings  of  the  x-arious  scientific  societies  which  will  meet 
in  the  vicinity  of  San  Francisco  during  the  month  of  August. 
By  authorization  of  the  Board,  the  matter  was  left  to  the  dis- 
cretion and  judgment  of  the  Publication  Committee. 

.\  letter  m*as  read  from  Secretary  of  State  L.^-vsing.  stating 
that  the  Bruce  Medal,  awarded  during  the  past  year  to  Dr. 
W.  W.  Campbell,  had  been  received  from  the  French  Mint 
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thru  the  hands  of  the  French  Ambassador  in  Washington  and 
that  it  was  en  route  to  Cahfomia. 

The  Secretary  read  a  letter  from  Mr.  Alfred  L.  Barrows, 
Secretary  of  the  Pacific  Division  of  the  American  Association 
for  the  Advancement  of  Science,  calling  attention  to  the  fact 
that  two  members  should  be  appointed  to  represent  the  Astro- 
nomical Society  of  the  Pacific  upon  the  Affiliation  Committee 
of  the  Pacific  Division.  By  authorization  of  the  Board  the 
President  appointed  Dr,  R.  T.  Crawford  of  the  Student's  Ob- 
servatory, and  Dr.  Sidney  D.  Townlev  of  Stanford  Uni- 
versity, to  serve  in  that  capacity. 

Adjourned. 

D.  S.  Richardson,  Secretary. 


Minutes  of  the  Meeting  of  the  Astronomical  Society  of 

THE  PaOFIC  at  the  StUDENTS'  OBSERVATORY,  BeKK- 
ELEY,  ON  THE  EVENING  OF  JUNE  3S^,   I913. 

By  courtesy  of  Professor  Charles  H.  Riebvr.  Dean  of  the 
Summer  Sessions  of  the  University  of  California,  this  meeting- 

of  the  Astronomical  Society  of  the  Pacific  was  conducted  as  a 
feature  of  the  said  Sessions.  It  was  held  in  the  assembly  room 
of  the  Student's  Observatory  and  drew  out  a  large  and  attentive 
audience.  President  R.  G.  Aitken  was  in  the  chair.  There 
being  no  routine  business  before  the  Society,  the  President 
proceeded  to  introduce  as  the  lecturer  of  the  evening,  Dr.  J.  H. 
Moore,  of  the  Lick  Observatory,  who  spoke  upon  the  subject 
of  "The  Nebulse." 

The  lecture  was  beautifully  illustrated  with  lantern  slides 
and  greatly  appreciated  by  all  those  who  had  the  good  fortune 
to  be  present. 

Adjourned. 

D.  S.  Richardson,  Secretary. 

Minutes  of  the  Meeting  of  the  Astronomical  Society  of 

THE  Pacific,  held  at  the  Students'  Observatory, 

Berkeley,  on  August  3,  1915,  at  2  p.  m. 

This   was  a   joint  meeting,   held   in   conjunction   with   the 

Eighteenth  Session  of  the  American  Astronomical  Society,  the 
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Uncr  org:uii2atioD  bditg  one  ot  the  affiliated  societies  ot  the 
American  .Association  tor  the  Advancement  of  Science,  and 
holding  its  sessions  this  year  in  California  in  connection  with 
Exposition  activities. 

The  meeting  was  called  to  order  by  Dr.  Fr.\nk  Schlesixger, 
Director  of  the  .\llegheny  Observatory-  and  Second  \'ice-pres- 
ident  of  the  .\merican  .Astronomical  Societv.  .After  a  few 
preliminary  announcements  by  Secretar>-  Stebbixs  and  Dr. 
Town  LEY.  relative  to  other  meetings  and  entertainments  ar- 
ranged for  \-ifiting  scientists,  the  chair  was  turned  over  to 
President  R.  G.  .Aitken,  of  the  -Astronomical  Society*  of  the 
Pacific. 

The  first  business  on  hand  was  the  presentation  of  the  Bruce 
Gold  Medal  of  the  .Astronomical  Societv  of  the  Pacific  to  Dr. 
W.  \V.  Campbell.  This  pleasant  duty  was  gleefully  per- 
formed bv  Dr.  R.  T.  Cr.\wfom).  late  President  of  the  Societv, 
in  an  address  of  appreciation  and  deep  feeling.  The  occasion 
was  one  which  had  long  been  pleasurably  anticipated  by  the 
old  colleagues,  students  and  friends  of  Eh*.  C.\mpbell  and  will 
not  be  soon  forgotten  by  those  who  were  so  fortunate  as  to  be 
present.  This  is  the  first  occasion  on  which  the  Bruce  Medal 
has  been  presented  personally  to  the  recipient  at  an  open  ses- 
sion of  the  Society.  It  is  the  first  time  that  it  has  gone  to  a 
Califomian  and  member  of  our  own  Society;  and  it  is  the 
first  time  that  the  enthusiasm  provoked  by  the  award  has 
busied  a  little  knot  of  old  comrades  in  keeping  the  tears  out 
of  their  eyes.    But  that  is  what  happened. 

Other  papers  presented  and  read  were  the  first  six  given  in 
the  li<it  prints  1  on  another  page  of  this  number  of  the  Pub- 
lications, 

.\t  an  informal  meeting  of  the  Directors  of  the  Society,  held 
during  the  afternoon.  Dr.  C.  E.  .Adams,  Director  of  the  Hector 
*  >bservator\*,  Wellington,  New  Zealand,  was  elected  a  member 
ot  the  Societv. 

The  meeting  as  a  whole  was  an  eventful  one  in  the  history 

of  the  Society.  T^   e    o  o       , 

D.  S.  RiCHARDSO.v,  Secrctarw 
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OPFICEU  op  THE  SOCIETY 

Mr.  R.  G.  AiTKEH   pTtii4m 

M(.  S.    U.   ToWHuy    Firit   yict-Fr4ii4tM 

Ur,  J.  Cmia Sicaad  yUt-PrffHeA 

Mr.  F.  V.   CoiKiiH    TImd  Vict-Prtadtal 

Mr.  D.  S.  RiCH*iiP»OM  Stcrilary  oitd  TmiurfT  t 

Board  of  Diriclors—tiemn.  W.  W.  CAMriu.L.  W.  H.  Ciockh.  C.  S.  CiraHixa,  >  \ 
J.  CcuTA.  F.  V.  ConKiiB,  D.  S.  RicaumoK,  B.  C.  Aiiken,  Chaklie  Buick- 

BALT»,    A.    O.    LEUKUKSa.    S.    D.    TOWNUY,    A.    H.    MUKWAII.  - 

Publicatian  Cammitttr—Mmit.  K.  G.  AimBw.  H.  D.  Cuitis. 
FtiMNct  CoMiiiiftH^Meuri.  C.  S.  CvtBina.  W  H.  Ciiociu,  A.  H.  Mauwut. 
Cemn-Midal  CommMff—McaTt.  W.  W.  C*Br»ELi.,  fi.  H.  Tuckh,  H.  D.  Curiii.    \ 
Library  CenMJfMr— McurL  D.  S.  Rich*«i»oh,  F.  V.  Cobnish.  A.  O.  Levschkul 

NOTICB 

Article    VIII    oC    the   ByLawii    of    the   Society.   >■   amended    in    19°3,    [«<!•  M    i 
follows:    -'Each  active  memlKr  Btaall  pay,  ai  annual  dues,  the  sum  of  li^e  dollan.     ' 

elecled  during  the  finl  quarter  of  any  year,  be  ahall  pay  full  duet  for  luch  year;  ] 
wben  elected  duriiw  Ibe  KCOud  qoartcr.  be  ataall  pay  Ibree  fourths  only  of  (uch     I 

dim;    when  eiecled  during  tbe  lut  quarter,  be  thai)  pay  one  (ouriii  only  of  luch     j 

(lufa  time  ■>  he  ii  «  enrolled.  .  .  .  Any  member  may  be  released  from  snnuJ  | 
duet  by  the  payment  of  fifty  dollars  at  any  one  lime,  and  placed  on  the  roll  of  i 
life  m^ber.  W  the  vole  of  the  Board  of  directors.   ,   .    ."   "^ 

Volumes  for  past  years  will  be  supplied  to  membert.  so  far  ai  the  stock  on  band     ' 
to  tufficient.  ou  the  payment  of  t*o  dollar*  per  volume  lo  either  of  Ibe  Secreuriel.      j 

Member!  within  tbe  Uni'ted  Slates  may  obtain  books  from  the  library  of  the 
Society  by  tending  lo  the  SeereUry  un  cents  postage  for  each  book  desired. 

The  order  in  Which  paper*  are  printed  in  the  PublicaliBHt  ii  decided  limply  by 
convenience.     In  jieneral,  tboie  paperi  are  printed  firit  which  are  earliest  accepted 

liain  (bould  be  in  the  bands  of  the  Committee  ool  laler  than  the  20II1  of  the  montli 

the  papers  prinlnl.  and  for  tbe  form  of  their  expreaiion.  resti  with  tbe  writers,  and 
is  not  asiumed  by  the  Sociely.  Articles  for  tbe  Publicslieni  ahould  be  sent  to  the 
chairman  of  the  Commiuee  on  Fubllcalisn.  R.  G.  AiTiza,  Lkk  Observatory.  Mt 
Hamlllon,  California. 

RepriDli  of  the  longer  articles  appearing  in  the  Publicalisni  vill  be  furniibed 
[fee  of  cosF.  without  covers,  lo  the  number  of  fifty  copies,  provided  tbe  request  foi 
•ach  rnirlnla  I>  ngidt  at  the  time  the  uunuKript  is  aubmilted.  Binding  in  paper 
covers,  or  copies  in  eicns  of  fifty,  will  be  fumiabed  ai  con  price. 

Regular  meetings  of  Ibe  Society  are  held  in  San  Francisco  or  viclr^ily  on  the 
last  Salurdavt  oC  January.  March.  June,  and  November,  and  at  the  Lick  Observa- 
tory on  Ibe  last  Saturday  of  Auaust.     Members  who  pro[K>ie  to  attend  a  meeting  at 
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DKSKiXATIOX  OF  VARIAIJLK  STARS. 


By  Sidnky  I).  Town  LEY 


t  >nc  cannot  but  wonder  at  the  lack  of  foresij^ht  displaycrl 
by  the  eminent  astronomers  who  suf^^j^ested  and  used  various 
systems  of  designating  variable  stars.  Ar(.;elanukr's  system 
of  using  the  last  letters  of  the  alphabet,  beginning  with  R. 
provides  for  only  nine  variables  in  each  constellation,  and  he 
apf>arently  had  no  idea,  at  first,  that  this  number  would  ever 
be  excee<led.  The  systems  of  Cii.xndi.kr  and  of  Pickkrinw; 
are  lioth  based  on  the  coordinates  of  the  star  for  1900  and  it 
does  not  seem  to  have  occurred  to  either  of  these  astronomers 
that  our  successors  of  the  twenty-first  and  following  centuries 
might  not  find  it  either  inspiring  or  convenient  to  work  out 
designations  of  new  variables  for  the  ei>och  of  uyoo.  One 
arginnent  in  favor  of  Pickkrixg's  system  was  that  the  num- 
ber <lesignating  the  variable  gives  the  right  ascension  of  the 
^lar  to  the  nearest  minute  of  time  and  the  <leclination  to  the 
nearest  degree.  What  use  will  these  numbers  be  in  the  year 
1 1  .<;oo  for  example  ? 

In  order  that  we  may  discuss  this  subject  more  intelligently 
I  wish  to  present  in  some  detail,  allho  as  briefly  as  possible, 
the  various  systems  which  have  l)een  jiroix^scd.  The  first 
variat>les  discovered  were  bright  stars,  hence  already  had 
designations,  and  the  necessity  for  a  separate  nomenclature 
was  not  apparent. 

The  first  catalog  of  variable  stars  was  i)ubliHhe<l  by  Pi(;oti 
in  the  Philosophical  Transactions  for  178/).  This  list  containe<l 
twelve  stars  recognized  as  certainly  vari.ible  an<l  38  others 
MiN|)ected  of  variability.  I'our  of  the  twelve  variable^  were 
Sour.    No  other  catalog  ap|H:are<l  until  1H44.  when  two  were 
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I  \.  one  by  Smvth  and  the  other  by  Ari;ei.anuei(.  There 
nere  i8  stars  in  Ar(.;elander'.s  "Tafelchen."  as  he  called  rt,, 
and  eight  of  these  were  without  special  designation. 

In  Ahgei„\nder's  second  cataloji,  published  in  1850  in  Hum- 
nor.or's  Kosmos,  24  variables  were  listed  and  Argelandek'^ 
now  well  known  nomenclature,  K,  S.  T.  etc.,  was  used  for  th© 
first  time.  He  did  not  inchide  Xuvcr  tinder  the  head  of  vartaU^ 
stars.  Arc.elanher's  nomenclature  was  followed  by  Schon-i 
FP.Ui  and,  with  extensions,  by  most,  if  not  all,  other  compilers, 
of  catalogs  in  more  recent  times. 

The  limitations  of  the  Argelander  nomenclature  were  early 
recognized,  for  Chambers  wrote  as  far  back  as  1865,  "Thft 
time  seems  arriving  when  it  will  he  imperatively  necessary  to 
adopt  a  new  nomenclature  for  variable  stars.  The  present. 
system,  besides  being  inartistic,  is  graduailv,  and  not  very, 
slowly  either,  drawing  to  a  natural  termination;  indeed  in  onfr 
constellation — I'irgo — ^but  two  letters  remain  unappropriated.'! 
.^l  the  meeting  of  the  Astronomische  Gcsellschaft  held  in 
Strassburg  in  rS8r.  )l.\itTWic:  proposed  using  tiie  double  Id* 
ters,  RR,  HS,  etc,  Tliis  would  give  45  additional  symbols,  tbgj 
combinations  of  nine  letters  taken  two  .it  n  lime,  plus  the  nine 
combinations.  RR.  SS.  etc..  or  a  total  of  54  symbols  for  each 
constellation.  This  snj;^estio"  was  ai!o]itcil  and  first  used  in 
188S,  both  by  C'ii.\M)LEK  in  his  first  catalu!.;  of  variable  stars 
and  also  by  Sciiunkkld  in  the  c))hemcridcs  for  i88<j. 

The  device  i)roved  to  be  sufficient  until  about  ii;04.  when  a 
furtber  extension  became  necessary.  This  lime  combinations 
of  tile  first  letters  of  the  alphabet,  .1.1,  .Hi.  etc.,  were  em- 
ployed. Leaving  out  the  letter  J.  we  find  tbal  this  device  adds 
280  new  symbols  and  these  have  jiroved  ample  up  to  the  pres- 
ent time.  The  greatest  number  of  variables  are  found  in  the 
constellation  Orion.  32  of  the  2R0  new  symbols  having  already 
been  used  in  this  constellation. 

It  is  evident,  however,  that  even  these  symbols  mav  l>ecomc 
exhausted  in  a  comparatively  short  time.  What  shall  we  do 
then?  .Shall  we  devi.se  a  third  extension  to  the  Argelander 
sy.stem  or  shall  we  break  away  from  it  entirely  and  adopt  a 
new  .system?  Many  suggestions  have  been  made,  but  before 
taking  these  up  it  might  be  worth  while  to  note  that  the  first 
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anl  <econ<l  extensions  of  the  Arjijelander  system  have  never 
l»cen  a<lo])tc<l  by  the  I*>ench.  ICphenierides  of  variable  stars 
Here  ])tib1ishe<I  in  the  Annuairc  from  1877  to  i(>io.  and  after 
iIr*  hr>t  nine  Arj^elander  letters  ha<l  been  exhausted  then  these 
>anie  letters  with  exjwnents  were  used,  R-  for  RR,  5*-  for  RS, 
rtc.  up  to  /f*  for  the  first  extension  of  the  Argelander  system 
and  up  to  A'**"  for  the  second  extension.  This  system  is  surely 
cumbersome. 

There  are,  I  believe,  three  fundamental  reciuirements  that 
must  \yc  met  in  anv  svstem  of  variable  star  nomenclature  which 
can  hoiH!  for  universal  «i(loplion.    These  are : 

I-'ir>t — It  must  be  simple. 

Second — It  must  be  capable  of  indefinite  extension. 

Third — It  must  not  depend  upon  any  particular  epoch  of 
time. 

The  Arj^elander  system  does  not  fulfill  either  of  the  first 
luo  re<|uirements  and  is  open  to  the  further  objection  that  it 
ha^  not  !)een  made  all-inclusive,  such  variables  as  .  \li:,oL 
•  Ccti,  Polaris,  etc.,  never  having;  been  j^iven  symlx)ls  in  the 
.\r;;elander  system. 

The  \VNiem  of  the  Annuairc  is  surely  not  sim])le.  and  as  the 
Annuairc  no  lont^er  jniblishes  ephemerides  of  variable  stars,  we 
need  not  |K'rhai)s  j^ive  further  consideration  to  this  system. 

The  systems  of  C'handlkr  and  of  Pit  kkrini;  <lepend  u]K)n 
the  ejKKrh  of  i</x)and  hence  cannot  fulfill  the  third  re«|uirement. 
Theri"  are  other  objections  to  them  but  we  neeil  not  slop  to 
con^iider  them,  as  neither  system  is  now  beinj^  considered  for 
univer>al  adoption. 

So  much  for  the  four  svstems  which  have  l)een  in  actual  use. 
If  we  jirrant  that  the  three  fundamental  recjuirements  men- 
tioned above  are  reasonable  and  desirable,  then  it  is  evident 
that  no  system  dejxjndent  ujwn  letters  can  be  satisfactory,  for 
no  such  system  is  capable  of  indefinite  extension.  A  system 
cimiftosed  of  a  combination  of  letters  and  numl)ers,  as  ex|x>n- 
ents,  subscripts  or  otherwise,  is  cai)able  of  in<lefinite  extension, 
hut  i<  not  simple. 

My  own  suggestion  would  follow  that  made  by  CiiAMnERS 
ami  also  bv  Andric  manv  vcars  ago.*  In  1865  Cuamukrs 
wrote,  in  publishing  his  second  catalog  of  variable  stars,  as 

•  Momtktj  S»tictt,  R.  A.  S.  W^  J08.  186s. 
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"Ahgelander's  nomenclature  has  been  followed,  but 
nifesi  that  it  is  a  very  crude  and  unsatisfactory  one, 
and  at  no  very  distant  period  will  liave  to  give  place  to  some- 
thing more  artistic.  Perhaps,  on  the  whole,  simple  cardinal 
numbers,  representing  the  order  of  discovery,  with  the  syllable 
'var.'  and  the  name  of  the  constellation  appended,  would  be 
the  most  convenient  and  manageable  system;  e.g.  154  var, 
Afidromcda." 

1  would  suggest  that  the  letter  "v"  be  used  in  place  of  the 
syllable  "var,"  and  that  the  letter  be  placed  before  the  num- 
ber thus :  V  154  Androniedw.  I  would  suggest  that  all  variable! 
be  brought  under  this  system ;  c.  g.  Al^ol  =  v  i  Persci.  SS  Cygm 
^r  v  20  Cygni,  etc.  If  the  suggested  sy.stem  be  adopted  it  would 
be  necessary,  of  course,  at  least  in  the  first  catalog  issued,  to 
print  the  old  designation  as  well  as  the  new,  but  after  the  pres- 
ent generation  of  astronomers  has  passed  away  such  duplication 
of  nomenclature  would  no  longer  be  necessary. 

It  is  readily  seen  that  the  proposed  system  satisfies  the  three 
requirements  laid  down.  First,  it  is  simple.  Nothing  could  be 
simpler  unless  we  leave  off  the  letter  "v,"  but  this  might  cause 
confusion  with  the  Flamsleed  numbers.  Second,  the  system 
can  be  extended  indefinitely.  Third,  the  system  does  not  de- 
pend upon  any  particular  epoch  of  time.  I  would  suggest  that 
the  clusters  and  the  Magellanic  Clouds  be  considered  as  con- 
stellations, and  that  the  variables  in  these  lie  numbered  sep- 
arately from  other  variables  of  the  constellations  to  which  they 
belong.  The  letter  "v"  is  the  initial  letter  for  the  word  variable 
in  all  the  principal  European  languages — English,  French, 
Geniian,  Italian,  Spanish,  Dutch,  and  perhaps  others. 

I  had  decide<l  to  make  this  suggestion  before  looking  up  the 
history  of  the  subject.  I  do  not  mention  this  with  the  idea  of 
trying  to  claim  any  creiiit  whatever  for  the  suggestion,  but 
simply  as  an  additional  argument  in  favor  of  the  plan.  Any 
plan  independently  worked  out  by  several  persons  must,  I 
believe,  have  some  merit  to  it. 

Since  above  was  written  I  have  found  that  Niji,.\SD 
also  independently  made  almost  an  identical  suggestion,  first  in 
lyi.-^,'  and  then  rei>eate<l  and  actually  used  it  in  1914.° 

'  flfm--l   c«   Diinft-inn.    10,   177.    IQIJ. 
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This  second  sugp^cstion  by  Xijland  brought  forth  a  protest 
from  Hartwig/  who  is  in  favor  of  retaining^  the  Arj^elander 
\VNtem  even  to  the  extent  of  iising^  the  letters  of  the  alphabet  in 
combinations  of  three,  which  would  add  2323  symbols.  Hartwic. 
'States  two  main  objections  to  the  proposed  nomenclature,  but 
neither,  in  my  opinion,  is  very  serious.  The  first  objection  is  that 
the  new  designation  would  in  all  cases  be  lone^er  than  that  of  Ar- 
i;H-.\ni>f:r.  For  instance  KAurij^(r  would  become  v  i  Auriji^cv, 
a  sinjjle  letter  being  replaced  by  a  letter  and  a  figure ;  SS  O^mi 
would  become  v2oCax«i.  two  letters  being  replaced  by  one 
letter  and  two  figures.  Hartwic's  second  objection  is  that  the 
new  nomenclature  might  lead  to  confusion  in  recording  or  in- 
ten>reting.  observations  made  by  the  Argelander  method.  For 
instance  a  variable  R  is  observed  and  the  result  is  a3R3b  or 
a3Kh.  In  the  new  system  this  would  be  .13V  13b  or  a3vib.  In 
tlie  first  case  there  would  be  an  uncertainty  as  to  whether  v  i 
i<  three  steps  brighter  than  b  or  v  13  is  equal  to  b,  and  in  the 
Mjcond  case,  whether  v  i  ecjuals  b  or  v,  the  mnnber  designation 
having  been  omitted,  is  one  step  brighter  than  b.  Xow  Hart- 
wi«;  makes  no  mention  of  the  constellation  to  which  this  sup- 
posed variable  R  or  v  i  belongs,  but  in  onler  that  the  observa- 
tion may  be  complete  this  must  be  given  and  if  we  put  the 
constellation  in  the  record  of  the  observation  then  there  is  no 
more  ambiguity  in  the  new  system  than  in  the  old.  thus.  a3vi 

.My  own  practice  in  recording  observations  by  the  .Argelander 
metho<l  has  been  somewhat  different  and  no  uncertaintv  or 
ambiguity  arises,  no  matter  what  system  of  nomenclature  is 
used.  I  always  write  the  name  of  the  star  first  and  then  use 
simply  the  letter  r*  in  the  observation,  thus,  in  the  ol<l  system. 
R  Aurigir,  a3v3b  or  a3vb;  in  the  new  system,  v  i  .turiiicr,  a3V3b 
or  a3vb.  If  this  method  of  recortling  observations  be  use<l.  and 
it  veems  to  me  both  simple  and  logical,  then  Hartw  u;'s  second 
objection  has  no  force  whatever. 

ST.\.\Ft«r»  I'nivfjisitv. 
Jul>  31.  1915 

•  t'wrr     Jtr    -Ist.   Gfifll..  •iS*   iOl.    IQI4. 
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PROPER  MOTIONS  OF  THE  NEBUL,E. 

Bv  H.  D.  CcRTis. 

Particularly  in  connection  with  the  radia!  velocities  which 
have  recently  been  found  for  a  limited  number  of  the  nebube, 
a  knowledge  of  nebular  proper  motions  would  be  of  great  valtM! 
in  investigations  as  to  the  size  and  the  distance  of  these  bodies. 
It  is  most  unfortunate  that  we  have  no  old  observations  of' 
nebulas  which  can  compare  in  accuracy  with  the  positions  ofl^ 
the  stars  fletermincd  a  century  or  more  ago,  and  which  to-diqr 
form  so  valuable  an  asset  in  determining  stellar  proper  motions. 
We  have  the  element  of  time  given  us  in  the  nebular  observa- 
tions made  by  the  elder  Herschel,  but  the  probable  error  of 
his  positions  is  a  matter  of  minutes  of  arc.  rather  than  seconds. 
Even  when  we  come  to  the  much  more  carefully  made  olv- 
servations  in  the  middle  of  the  last  century,  any  comparisoit 
of  these  positions  with  modern  positions  proves  entiretf 
illusory.  Except  for  a  very  small  number  of  sharply  defined 
objects  the  older  observations  of  the  nebulre  are  as  valueless 
for  llie  determinations  of  the  motions  of  these  bodies  as  are 
the  ok]  sketches  in  giving  an  adequate  idea  of  their  form  and 
strucUire;  phiitographic  methods,  plus  the  all-important  factor 
of  a  sufficient  time  interval,  will  give  us  the  only  trustworthy 
I'ata  for  the  delennination  of  nebular  pro])cr  motions,  as  it  has 
given  the  only  trustworthy  delineation  of  nebular  fonns. 

It  is  now  about  sixteen  years  since  Director  Keei.EH  inaugu- 
rated his  program  of  nebular  photography  with  the  Crossley 
Reflector.  It  was  early  realizeil  that  this  collection  of  photo- 
gra[)hs  of  104  nebuhc  and  clusters  was  in  many  respects  a 
nni(|uc  one  in  its  epoch  and  extent,  and  that  it  would  some 
day  serve  as  a  valuable  basis  for  determination  of  nebular 
motions  or  changes.  ( )ne  of  the  programs  of  work  at  the  Lick 
Observatory  has  been  to  rcjieat  the  early  photographs  in  the 
search  for  such  changes,  and  also  to  collect  as  many  additional 
])hotograpbs  of  nebul.'e  as  possible  to  form  the  basis  of  more 
extended  motion  detenninations  in  the  future. 

This  program  of  repetition  is  now  practically  completed. 
The  average  time  interval  between  the  early  and  the  late  plates 
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i<  i.V^S  years:  the  total  number  of  objects  measured  is  140 
••ivi<le<l  as  follows: — 

I-irnc  «liffiisc  nclnilositics  Orion,  Xctxt'ork.  etc 10 

I*l.tiic*t.ir>.  annular  and  other**  shrjwing  k«i^<^^"^  spoctrum    (cxcliid- 

injj  <liffusc  nebulosities  of  the  Orion  type^ 17 

Vrry  small  nehul;e.  nio>t  of  which  are  probably  spirals 47 

Lar^e   spiral  nebula*    66 

InaMUUch  as  both  series  of  plates  were  taken  with  the  same 
in>trinnent.  the  methods  of  measurement  have  l)een  made  en- 
tirely ditTerential.  and.  with  the  exception  of  one  brij^^ht  planet- 
ary for  which  no  old  plate  existed,  no  attempt  has  l>een  made 
to  tletcrmine  ri^ht  ascensions  and  declinations  and  to  compare 
thn<  with  oMer  visual  observations.  To  some  it  may  seem 
that  thereby  an  oi)])ortunity  has  been  lost,  but  such  a  pro- 
ce«lure  would  have  resulted  in  a  considerable  loss  of  accuracv. 
Thi"^  Ions  in  accuracy  would  come  not  only  from  the  inaccuracy 
of  the  ohl  visual  observations,  the  probable  errors  of  which 
are  ;;enerally  lar<^er  than  the  small  motions  to  be  <letermined, 
but  aNo  from  the  fact  that  even  when  sufficient  comparison 
"^tar-*  are  found  on  the  nej^atives.  these  star<.  of  the  eipjhth  or 
ninth  maj^nitude.  show  such  larjj^e  imaj^es  in  exposures  of  two 
tf»  four  hours,  that  no  verv  accurate  setlinij^s  can  be  made.  Five 
or  six  symmetrically  placed  small  stars  oi  from  the  twelfth 
t(»  the  fifteenth  maj^^itude  were  selecte<l  a'N  a  common  reference 
sv'^tem  for  all  the  plates  of  a  ^iven  nebula,  and  the  nucleus 
and  numerous  knot*;  and  condensations  were  measured  as  avail- 
able in  each  nebula. 

The  accuracy  of  the  measures  varies  considerably,  from  the 
nature  of  the  case,  in  the  <liflferent  classes  of  nebuLx  measured, 
and  wouM  l>e  much  hij^her  were  the  old  plates  as  uniformly 
"^harp  anil  ji:^och1  as  the  late  plates.  Owinp^  to  the  deficiencies  of 
the  old  moimting^  of  the  CVossley  really  excellent  ])lates  are  the 
exception  in  the  early  series. 

Ouite  a  larjLje  pro|)ortion  of  the  obi  plates,  while  a<le<|itate  in 
;Ovinj^  the  essential  ap|)earance  of  the  nebulie.  would  l)c  re- 
jected to-day.  In  makinj;!^  this  statement  I  have  no  intention 
of  fxrlittlin^  the  work  done  by  the  early  observers  with  the 
C'rossley:  a  survey  of  all  the  older  Cro'^slcy  plate*;,  with  its 
brjje   percentage  of  i>oor  ]>lates   or  absolute   failures,   tends 
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give  one  a  feeling  of  admiration  at  tiic  pluck  and 
ciciii.'xation  of  these  observers  in  f)ersevering  and  securing 
as  good  results  as  they  did  with  a  deficient  and  inadequate 
mounting.  The  problem  resolves  itself  into  making  ihe  best 
of  the  old  series  as  it  stands,  inasmuch  as  for  many  of  the 
nebula  of  this  program  a  single  plate  taken  by  Kef.i.er. 
Palmilr  or  PiiRRiNE  fonns  the  only  existing  photographic 
record  prior  to  igo2. 

The  general  results,  by  classes,  arc  as  follows:— 

1.  Large,  Diffuse  iXebutosities.  This  class  includes  such 
nebula  as  the  Orion,  the  Xctti'ork  Nebula,  the  Trifid,  M,  8 
Sagillarii,  etc.  From  the  nature  of  the  case  the  measurements 
on  the  delicate  wisps,  lanes,  and  holes  in  these  complex  and 
remarkable  objects  are  very  difficult,  and  the  errors  of  meas- 
urement relatively  large.  For  all  ten  objects  the  average 
relative  yearly  proper  motion  is  o."o36.  This,  of  course,  means 
very  little ;  the  most  that  can  be  said,  both  from  the  measures 
and  from  careful  examination,  is  that  there  has  pretty  cer- 
tainly been  no  change  in  any  of  the  intricate  formations  of 
these  enormous  objects  as  large  as  one  second  of  arc  during 
the  pa.st  fifteen  years. 

2.  Planelory  and  Annular  XebuUe.  Nearly  all  these  have 
a  very  sharp  stellar  nucleus.  The  exjjosures  ncce-^sary  are  only 
[wo  or  three  minutes,  and  in  many  cases  several  images  are 
available  for  measurement,  so  that  the  resulting  proper  motions 
seem  entitled  to  greater  weight  than  those  of  any  of  the  other 
types  of  nebula;  measured.  The  average  relative  yearly  proper 
motion  for  the  .seventeen  objects  in  this  class  is  o."o28 :  the 
largest  motions  found  are  those  for  X.G.  C.  6(>05  and  70OQ, 
o."o5fi  and  o."o54  respectively. 

3.  Very  Small  Xchulcc.  Only  those  were  selected  which 
showed  a  well  marked  central  condensation  or  nucleus,  and  no 
attempt  was  made  to  get  the  faintest  objects  of  this  class. 
Many  of  them  show  faiiit  evidences  of  spiral  character,  and 
probably  the  majority  of  them  are  in  reality  of  this  type.  The 
average  proper  motion  jjer  year  is  o."o40.  It  seems  certain 
that  none  of  these  objects  has  moved  as  much  as  one  second 
of  arc  during  the  pa.st  fifteen  years. 

4.  Large  Sl>iral  Xchiil{r.     The  fiTi  objects  in  this  class  in- 
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chide  not  only  the  larger  spirals,  but  also  a  number  of  lens- 
^hapecl  objects  which  are  doubtless  spirals  seen  ctlp^e  on.     For 
ten  objects  it  was  found  possible  to  make  measures  on  the 
nucleus  alone ;  for  the  others  settinc^s  were  made  on  from  two 
to  fourteen  stellar  condensations,  which,  tho  generally  hazy 
and  indistinct,  are  beautifully  sharp  in  a  few  cases.    For  some 
of  the  better  spirals  the  agreement  of  the  measures  on  the  dif- 
ferent condensations  is  quite  good,  and  the  motion  seems  well 
(letennine<l.     Several  spirals  show  a  proper  motion  of  six  to 
nine  hun<lredths  of  a  second  of  arc  per  year,  but  these  cases 
all  occur  where  only  a  diffuse  nucleus  was  measurable  or  where 
the  old   plate  is  distinctly  poor;   I   have  not.  however,  thot 
it  l)cst  to  reject  these  values.     The  nebula  X.  G.  C.  253.  in 
which  nine  condensations  were  measured  on  plates  taken  in 
UK>2,    1007   and    191 5,   shows  the   largest   proper   motion    in 
this  class,  which  seems  worthy  of  confidence,  viz.,  — o."072 
in  a  cos3  and   -I-  o."o28   in  8.     The  average  yearly   relative 
motion  for  the  66  large  spirals  is  o."o33.     A  number  of  the 
Ixrtter    detennined    nebulae    showing  numerous    condensations 
were  examined  graphically  for  {XDSsible  evidences  of  rotation, 
but  none  were  found.     A  much  greater  time  interval  will  be 
necessary  before  nebular  rotations  can  be  definitely  established 
by  measures  of  position,  unless  a  nebula  abnormally  close  to 
us   be    found,    and    reliance    must    be    had    on    spectroscopic 
methods,  whose  results  are  independent  of  the  distance  of  the 
object. 

Altho  astronomical  literature  is  already  all  too  full  of  de- 
ductions made  from  an  insufficient  number  of  objects,  it  may 
be  of  interest  to  use  the  confessedly  meager  body  of  data  at 
present  available  to  obtain  an  estimate  of  the  distances  of  the 
planetar\'  nebulae  and  the  large  spirals. 

The  average  radial  velocity  of  T}^  planetar\'  type  nebulae 
from  recent  Lick  observations  is  thirty-nine  kilometers  per 
second.  This  value,  oombine<l  with  the  average  proper  motion 
found,  would  make  the  average  distance  of  this  class  of  nebulae 
about  one  thousand  light-years,  a  value  which  is  not  improb- 
able, as  all  these  objects  are  Milky  Way  phenomena. 

The  rsrdial  velocities  of  very  few  spirals  have  been  determined 
as  yet;  the  mean  of  Slipher's  results  is  400  kilometers  per 
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truly  enormous  value,  which  may  be  considerably 

when  a  larger  mmiber  have  been  detenu  in ed.     On 

R  and  on  the  assumption  that  these  objects  are  moving 

truly  at  random  in  space,  the  average  distance  of  the  spirals  is 

of  the  order  of  ten  thousand   lighl-years,  a  distance  which 

many  will  regard  as  too  small. 
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I-i.LI.IMI\.\KV    N(»TK  o\    iHK   DKTKKMIXATIOX 
OF  THK  POSITION  ol-   THK  MooX   I5V 

PI  ioto<;r  A  PHV. 


r»Y  c.  I"  .\i«\M>. 


The  experiments  (lescribed   Ikto   were  carric<I   out   ;it   tlu* 

Ob»er\'atory,  Mt.  Hamilton.  Calitornin.  with  the  intci- 

of   ascertaining    if    ^atiNfactury    photoi,'ra])lis    coiil  1    he 

ired  of  the  Moon  anci  surroundint;  ^tafN.  from  which  the 

of  the  Moon  couM  he  ohtaine<l  with  hii^h  accuracy. 

The  preliminary   results   are   now    >*uhmitte  1    with   the  a^- 

of  Director  W.  \V.  C'.\Mrr.Ki.r..  to  whom  my  thrink'N  are 

tl  for  the  facihtie>  atTonle*!  me  in  carrvini^  out  ihe-^e 

iments. 

1'.  Quite  a  nun:her  of  melho'N  have  l)een   u>e<l   in   attackini^ 
problem:    'iome  of  them  in<Iireci.  -r.cli  as  tho^e  of  Major 
11X5,'  anil  of  Mr.  \\.  W.  \\.  Wadi:.-  wliile  of  the  <'irect  ones 
of  IVof.  11.  H.  T'  R\Kk     :m.l  of  Prf)f.  II.  .\   Kr<<i  11.  » 
the  liest  known.     In  Prof.  Tri'vi  k*s  metho«l  the  lii^ht  of 
Moon  is  cut  off  fn»m  the  ]'lale  hy  a  recian«.^ular  focal  plane 
rtter  in  which  there  i*»  a  narrow  '*traii::ht  A\i.     The  shutter 
movetl  acros^  the  fiehl  at  a  uniform  rate  at  rii:ht  anjL;le<  to 
slit.    The  resultintr  imav^e  of  the  Mtwm  i>  elli]»tical.  owinc: 
the  motion  of  the  *»lit.     The  star<  are  ]»hot<Ji:rn»>he  1  on  the 
of  the  ])late,  which  i«*  foiji^ed  hy  the  m(Mmlii:hi.  hut  the 
;injj  is  not  eraif  to  ]>revent  accurate  mea*«ure!uent. 
'  Prof.   Ri'SSKl.i.  UNe<  a   verv  *lifferent  arram^e'uent :    a  cir- 
shutter  is  placed  in   front  of  and   mmiio  <li^tance  awav 
the  objective :  the  shutter  is  sufficiently  lari^e  to  cut  off 
whole  of  the  nunmlii^ht  from  the  plate  and  prevents  foi;- 
:  but  it  also  interferes  with  the  star  images  which  are 


•  Mmm.Sot.  ff.A.S.  ir«»  4V 

•  fterx,  Or-M.  Jm..  71  No    1  an.l  7< 


.*«» 


TTie  illQ«tr>tion  •h<^*«  Hair  Ni»  i^.  }'.iU  .•_•.  iqi?.  M^-m'*  a^r  mkJ  8.  MiMtn'«  ijr- 
ritnift'tn  •lumt  —  27'  Kxi-t^ure  *n  <t?T*  ir«»Tn  i'»h  4_»in  4i«  t'«  i'»h  S'.m  ti«  >nl  i»n 
>fi<on  ffnm  l^^  i^iin*- •  ^'l  in  i*ih  4'im  4'»  ■•_»  Mt.  Il-imi't'-n  *rVfe^J  tinir  thn 
the  'firin*!  nrrati^r  all  va'*  ti»  o  «•  m-.^  in  i  :»!■*  Phi't.  I  >.  M  .ir-  r-*«iK  *rfn  th« 
min»  fr  lo*|  in  fhr  rrftrfHlttctinn.  Th^»'  •i>*t»i.»r*k  .t-  in-ticTtr,]  tht'«-  ',  Vhrrr 
••nr  fif>*ttt(>n«  in»*ical'.il  thu*'  !  -.  arr  fnin  I  th:  i  ai<.  Ki!inh'.ir|rh  anil  I.ick  /dilnral 
<  aialr>f«   iiQTtA.oV 
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ihaped.     The  exposure  on  the  Moon  is  obtained  by 
turn-       he  shutter  momentarily  on  its  edge. 

The  method  used  here  differs  from  both  of  these  and  its 
essential  features  may  be  thus  described:  A  circular  shutter 
was  used  to  cut  off  the  direct  light  of  the  Moon  from  the 
plate;  the  shutter  was  placed  just  in  front  of  the  plate  and 
shghtly  exceeded  the  Moon's  image  in  size.  An  exposure  was 
made  on  the  field  surrounding  the  Moon,  with  the  Moon  cut  , 
off  by  the  shutter,  and  in  the  middle  of  the  exposure  the 
shutter  was  turned  on  its  edge  momentarily,  thus  giving  an 
image  of  the  Moon.  The  plate  was  fogged;  but  not  enuf  to  ■ 
prevent  stars  as  faint  as  lO.o  magnitude  l>eing  easily  measured 
on  a  plate  taken  at  full  Moon. 

The  camera,  with  circular  shutter  and  connections  for  the 
chronograph,  was  rigidly  attached  to  the  Crossley  Reflector 
mounting.  The  lens  is  a  doublet  by  Brasheiak,  4,'4  inches 
aperture,  15  feet  focal  length,  corrected  for  wave  Icnglli 
4500."^;  the  rear  surface  is  flat,  and  the  front  surface  has 
convex  curve  of  74.73  inches  radius.  The  camera  box  is  one  i 
foot  square  and  about  15  feet  6  inches  long,  and  it  has 
diaphrams  at  about  5  feet  and  10  feet  from  the  objective.  The 
circular  shutter  is  2  inches  in  diameter,  and  is  placed  just  in 
front  of  the  center  of  the  jilate.  The  plates  used  are  Seed  \o. 
27,  8x  10  inches,  and  as  the  scale  is  one  inch  ^  1149". 
the  plates  cover  about  2^30'  in  declination  and  12"  45* 
(—  3°  11')  in  right  ascension  on  the  equator. 

The  image  of  the  Moon  is  about  1.6  inches  in  diameter,  so 
that  the  shutter  is  large  enuf  to  screen  the  Moon  for  an  ex- 
posure of  several  minutes.  .'\I1  ])lates  have  been  taken  with- 
out guiding.  Plates  Nos.  27  and  28  are  samples  of  the  plates 
obtained  by  this  method.  They  were  taken  on  July  24,  1915. 
when  the  Moon  was  nearly  full,  the  exposures  were  fi  minutes 
on  the  stars  and  0.28  seconds  on  the  Moon.  On  these  plates 
five  stars  are  seen,  which  are  given  in  the  Cape  Edinburgh 
and  Lick  Catalogs  (1900I  of  Zodiacal  .'tars;  while  many  other 
stars  are  easily  seen  ranging  in  magnitude  to  10,0,  and  meas- 
urements can  be  readily  made  from  them.  These  plates  were 
exhibited  at  the  meeting  of  the  American  .'Vstronomical  So- 
ciety at  Berkeley,  California,  in  August,  1915. 
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The  fogg^njj  of  the  plates  is  much  less  than  was  anticipated 
from  the  published  accounts  of  experiments  on  this  problem; 
and  this  may  be  due  in  some  measure  to  the  long  focal  length 
lined  i  15  feet). 

It  will  be  noticed  that  in  this  method  no  interference  is 
made  in  the  optical  train,  and  that  in  this  respect  it  differs  from 
the  Har\'ard  method,  where  the  stellar  images  are  affected  by 
the  Hcreen  used  in  front  of  the  objective. 

Tlie  experiments — which  were  made  at  all  ages  of  the 
.\IiK>n — show  that  satisfactory  plates  can  be  secured  even  at 
full  Moon,  and  that  the  fogging  is  not  sufficient  to  prevent 
accurate  measurement  of  the  plates,  provided  a  lens  of  long 
focus  is  used. 

LirK   (^BjiERVATORY.   Mt.    HAMILTON.  CaL., 

July  31.  1915. 
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01!SERVATI(.)NS  OF   PERSEIDS   IN    itji, 
15v  Charles  F.  Oi.ihek. 

The  -snu'y  of  meteors  having  been  strangely  neglected  by  ' 
astronomers,  particularly  in  America,  some  years  ago  the  idea 
came  to  the  author  that  interest  in  their  study  could  be  bc-t 
promoted  by  the  formation  of  an  association  consisting  of  both  i 
prof  ess  iouals  and  amateurs.  Accordingly  late  in  igri,  while 
at  .Agnes  Scott  College,  Georgia,  with  the  assistance  of  several 
astronomers,  who  kindly  exerted  their  influence  to  make  it  a 
success,  I  was  able  to  first  organize  the  American  Meteor 
Society  aufi  have  observations  made  on  a  systematic  plan. 

During  the  first 'four  years  the  membership  never  exceeded. 
twenty-five  persons,  of  whom  only  twelve  actually  sent  in  re- 
sults. Of  these  the  larger  part  were  members  of  the  Meteor 
Section  of  the  Society  for  Practical  Astronomy,  and.  it  should  ' 
be  addeii,  these  members  sent  in  most  of  the  observations.  ■' 
The  results  for  ihc  first  three  years,  H)i  I  to  lOi,^  inclusive, 
were  coniiik-tcly  worked  up  by  the  author  and  published  under 
the  liile  -iiU  (Irliils  of  Meteor  Slrcanw"  a-,  I'art  4  of  N'olume 
2.  Piiblk-alions  of  Ihc  Lcim/rr  McCorwick  Obsrna/ory.  Cxi- 
'.-i-rsilY  of  I  'i)\!;inia. 

La^t  si)riiij;.  in  reco,L;nitioii  of  the  im])oriauce  of  the  result' 
ninaincd  I>y  tlic  Society  and  to  increase  its  iisclulness,  (he 
Xalional  .\caclcmy  of  Sciences  i;enerously  voted  a  sum  from 
ihe  J,  Lawrence  Smith  l*"und,  which  has  permitted  a  great 
i-xiiansinn  in  tlie  work.  At  the  same  time  a  serie>  of  articles 
hy  Dr.  S.  A.  Mitciii-;u,  and  myself  v\as  indilished.  asking  for 
the  assistance  of  all  persons  interested  in  meteors.  The  re- 
sponse was  beyond  expectation,  over  100  new  jiersons  volun- 
teering. .\s  was  to  be  e.\iicctc<l.  many  of  these,  having  once 
received  tlic  majis  and  instructions,  apparently  lost  all  interest. 
I'.iit  on  the  other  hand,  the  work,  and  in  many  cases  work  of  a 
most  excellent  character,  ilone  by  others,  which  has  already 
been  sent  in.  amounts  \n  kkx)  observations  for  July  and 
August.  1915.  This  was  done  by  twenty-one  observers,  situ- 
ated in  fourteen  States  and  one  in  Canada.     We  have  every 
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rcaxin  to  believe  that  others  have  siiccee<letl  in  j^jettinjif  at  least 
y«mcthin*:.  but  have  not  yet  communicate*  1  their  results. 

Till-  m<>>t  ambitious  plan  consisted  of  >iinultaneous  observa- 
t!«nN  of  the  t'crscitis,  made  at  f(.ur  5lation>.  on  Auji^ist  9-13 
im-iii-:vf.  irom  \2  hin\T<  K.  S.  T.  to  14  hours  I*'.  S.  T.  These 
^tatwrn--  were:  Catholic  I'niversity  of  America.  \Vashing;ton, 
I),  r,  I'rnf.  Vi.FKKi)  I><»iiLiTTLF.  ol>»iervin;^ ;  Hampden  Si<lney 
inllc;^e.  \  a..  Pn.f.  J.  r»K(M»Kh:>  Smith;  Richmond,  \'a..  Prof. 
T  Ml  X.  SiMi'SoN,  and  I'niversily  of  \'iri:inia,  C.  \\  <  h.i\  ikr. 
I'.il  wi-aihcr  prevente<l  work  on  Aui:u>l  loth  and  nth.  but  on 
:lu  '-iht-r  three  dales  many  apparent  c<»incidcnce^  were  ob- 
MHid  Ml  four  of  the  observer**  arc  now  at  work  on  the 
v''-:'!  i:t:itmn>  f»f  the  heii:hls  and  path-^  of  ihe-e  meteor^.  It  i*- 
!i";vd  that  xjme  rcMdl^  of  real  value  will  l>e  ^-ecured.  iho 
'^K'  wi'fk  wa>  nx-rely  ])reliminary  to  future  etYorts  in  the  ^-ame 
'iTvction. 

It  i-  announce  !  with  -i^ecial  pleasure  that  Mr.  K.  M.  I)<>i.r. 
"i  the  I  .  .^.  Weather  Uureau  intend^  to  ]»ut  the  whole  of  his 
•  I-cr\a:ion>»  at  the  ^li^jKi-al  of  the  Society  for  ]uiblication. 
'AhjJc  i«anly  published  in  small  section-  already,  the  results 
Iu:\c  never  Inren  wholly  retluced  nor  the  orbits  computed.  A^ 
hr  h:i^  iib-er\e  !  over  ^tvo  meteors,  thi^  will  rrake  a  irreat  an  1 
v.'il'.iaiile  addition  to  the  literature  of  .Mcteonc  .\Mronomv. 

'!  h«;  laU  r  (*\  pre)Mrin^  ihe  many  thousand  obser\*ations  al- 
Tv:v'\  on  han<!  and  tho-e  expected  in  the  near  future  i<  so 
ureal  that  detinitL  results  cannot  Ik.*  ]»ubli*'he<i  for  >ome  little 
ti-e.  In  the  interval  reirnlar  rei>on<  will  a]»pear  in  Popular 
. //.'r,>«f*i?jv  and  el-ewhire.  in  which  the  ob«-erver's  name  will 
ap!»ear.  and  the  amount  of  work  done  b\  each  will  \yc  dulv 
accre  lited  to  him. 

Kven  yet  there  mu*t  Ikt  many  amateur**  whf»  would  gladly 
hil]»  in  our  work  if  they  realize<l  that  w  was  01  actual  ^^cientific 
\alue.  <  Hir  prrri»ram  f«jr  the  olj^rAaiion"*  of  meteors  offers 
the  o[i|>onunity  to  all  ^uch  person >. 

We  are  now  al)le  to  furnish  maps,  tdank^  and  detaile<!  in- 
«*tnictions  to  all  who  apfily.  <  rti^crvers  ancl  many  o!>ser\'ers 
are  reeded  everywhere.  If  one  cannot  wnrk  exce[>t  a  few- 
nights  per  year,  we  are  still  glad  to  Iiave  hi<  a^'sistance.  and 
his  work,  if  done  in  acconbncc  with  in«»tnictions.  will  I)c 
valuable.     Training  can  only  be  aeqyired  by  experience.  «^i 
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f  it  need  deter  no  one.  A  cordial  invitation  is  exte 
^.wone  interested  to  write  for  further  information  tc 
address  given  below.  As  we  are  very  short  of  ohservei 
the  West,  we  hope  that  many  members  of  the  Astronot 
Society  of  the  Pacific  will  communicate  with  us  with  a 
to  assisting. 


I 
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PLAXETARY  PHENOMENA  FOR  JANIARY  AND 

FEIJRL'ARY.  1916. 


By  MALa>LM  McNkill 


PHASES  OF  THE   M««»N.  PAilFK   TIMF-. 

NcH   Mtmn   ...Jan.    4.    8*>45"p.m.  New    Moon. .  .  I-Vby.    ^^.  8*»    6™  a.m. 

Kir^T   Quarter.    **     11.    7   38    p.m.  First    Quarter.     *'      10.2   20    p.m. 

Full  Moon  ..."     ?o.  12  29    A.M.  Fjill  Moon   ...  18.  f>  20    p.m. 

La>t   Quarter.    "     27.    4   35    p.m.  Lh<x    Quarter.  A  i    24    a.m. 

There  will  be  f\\'e  eclipses  during  i<>i^).  three  of  the  Sun 
and  two  of  the  Moon, 

The  first,  a  partial  eclipse  of  the  Moon  on  the  ni^ht  of  Jan- 
uary M^jo.  will  be  visible  p^enerally  thruout  the  United  States. 
The  circunistances  of  the  eclipse  are  as  follows.  Pacific 
Time : — 

Mtx)n  enter«4  penumbra January  19,  lo*"    5™  p.m. 

M«Min  enters  shadow **         10,  1 1    55     p.  m. 

Middle  of  the  eclipse *'        20.  12  39     a.m. 

M*>on  leaves  shadow   "        20.     I    24     a.m. 

Moon  leaves  penumbra  **        20.    3    14     a.  m. 

The  jn*^^tcst  magnitude  of  the  eclipse  is  about  one-eighth 
of  the  Moon's  diameter. 

The  second  is  a  total  eclipse  of  the  Sun  on  Febniary  3d. 
vi>ible  as  a  partial  eclipse  thruout  the  greater  |)art  of  North 
and  South  America,  Western  Euro|>e  and  Northwestern 
.Vfrica.  The  line  of  totality  begins  at  sunrise  in  the  Pacific 
Ocean,  nms  nearly  <lue  eastward,  crossing  the  extreme  north- 
western i^ari  of  South  .America  a  few  miles  south  and  east  of 
Panama,  thence  northeastwanl  across  the  .Atlantic,  ending  at 
sunset  westward  of  the  English  Channel.  The  maximum 
duration  of  totality  is  small,  2"  ^ff. 

On  the  night  of  January  14-15  the  Moon  will  occult  a  num- 
txT  of  stars  of  the  Pleiades  group,  the  immersions  coming 
at  the  dark  limb. 

At  the  beginning  of  January  Mercury  is  an  evening  star, 
^tting  not  (|uite  forty  minutes  after  sunset.  Its  apparent  dis- 
tance from  the  Sim  increases  somewhat  rapidly,  and  by  the 
mi<1dle  of  the  month  the  interval  has  increase<l  to  an  hour 
and   one-half.     The  planet   will  then  be  an  easy  naked-eye 
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object  in  the  evening  twilight.  Greatest  east  elongation  is 
reached  on  January  20th,  18°  40',  rather  a  small  one,  as  the 
date  of  perihelion  passage  is  less  than  a  week  later.  This  also 
causes  a  diminution  of  the  period  of  naked-eye  visibility,  as 
the  planet's  motion  when  near  perihelion  is  rapid.  After 
greatest  east  elongation  the  gap  between  planet  and  Sun  closes 
up  rapidly,  and  inferior  conjunction  is  reached  on  February 
4th,  the  planet  becoming  a  morning  star.  The  apparent  dis- 
tance between  Sun  and  planet  now  increases  rapidly  and 
greatest  west  elongation  is  reached  on  March  ist.  During 
the  latter  half  of  February  the  planet  rises  more  than  an  hour 
before  sunrise,  and  may  be  seen  in  the  morning  twilight  imder 
good  weather  conditions. 

Venus  is  an  evening  star  gradually  moving  eastward  from 
the  Sun.  On  January  ist  it  sets  a  trifle  more  thnn.two  hours 
after  sunset,  and  this  interval  is  increased  to  more  than  three 
hours  by  the  end  of  February.  Its  motion  among  the  stars  is 
rapid,  rather  more  than  one  degree  a  day  eastward,  and  not 
quite  half  as  much  northward.  It  is  in  rather  a  barren  region  of 
the  sky.  moving  from  a  ])oint  in  Capricorn  tliru  Aquarius  to 
the  eastern  part  of  Pisces.  C^n  I'^ebruary  i^th  it  jiasscs  not 
c|iiite  r  south  of  the  \'crnal  Kcjiiinox,  and  a  few  hours  later 
is  in  conjunction  with  Jupiter,  the  latter  beini^^  2J' — less  than 
tlie  Moon's  a])])arent  diameter — to  tlie  south. 

Tlie  ]:)resent  two  months'  j)erio(l  affords  the  Ijcst  view  of 
Mars  since  January,  1914.  ihe  ])lanet  conies  to  opposition 
with  the  Sun  and  makes  its  nearest  a])])roach  to  the  l^arth  on 
l'el)ruary  gtli.  ( )n  January  1st  it  ri<es  a  little  earlier  than 
g  p.  M.,  and  by  the  end  of  I'ebruary  shortly  after  3  p.  m.  IVoni 
January  ist  until  nearly  the  end  of  March  its  luotion  anioni; 
the  stars  is  retrograde,  that  is  westward  ;  at  the  end  of  i'ebru- 
ary  its  j)osition  is  17'-  west  and  6"^  north  of  its  January  ist 
place.  On  February  ()th,  at  the  time  of  oj)f)osition.  its  distance 
from  the  Karth  is  a  little  less  than  hT^  millions  of  miles,  14 
millions  less  than  on  January  ist,  and  4  millions  less  than  on 
March  1st.  At  opposition  its  brightness  in  stellar  magnitude 
is  --  1  ;  this  is  more  than  twice  as  bright  as  it  was  on  January 
Tst.  and  this  was  alx)ut  twice  as  bright  as  Rci^^ulus,  the  bright 
star  near  it  in  early  January. 
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o|i|ioftitiun  1%  alMMtl  the  ino<kt  iinfavurahlr  whuh 
art  'Mxjat  a«  it  ctnut%  whm  Stars  w  near  aplirli(»n.  while  the 
'a**^  i«  nrMi  {vfihrhcHi  '  Whrti  fi|ifiiiMiiiiii  mi'iir^  in  AiiiftiM 
nr  *«»-btifin«  art  rrvcr«c«l  Tlir  iirxt  Aii^ti^t  ii|ifMisiticin 
«'-^-i  m  I«#i4  The  lra%t  iliMaiur  lirtMrrii  l-^rih  aiiil  plaiirt 
V  i'    -Sr-^  tv  lc%«  lluii    K  iiiilhiitM  iif  iiiilr^.  milv   ^^'\    iif  the 

• '  •  •    • 

\rw >^^«  «^^tfp«itiflifi  <h«taiM*r.  JM'I  thr  |iUiirt  Mill  ihrti  lir  thrrr 
'— ^«  A*  tiTiijht  a«  It  i«  111  l'rl»nur\  I  hr  iTiirrv.il  lirtMrrn  «ik* 
*^«  ic  'ifi|fl»*ttiflin«  \arir«  frirtii  .1  liiilr  ii\(  r  T^ai  iU\ «  tur  wmtrr 
•rrw0*^vmy\  tti  a  littir  iiHirr  than  Hii*  il.i\^  l«ir  ^itiinirr  o|i|mmi- 
fp-  Thr  ffirxf  ii]ifMi«iti(in  hiI!  iMitir  Marih  1;,  i*iiH,  ^\\ 
.^    •    r*'r-.  thr  |»fr*rtit  ofir 

mf'r*    !•  an  r\rfitii(;   Mur  thnifnit    laiuiarv    .imiI    I  rhriijr\ 
•:      An-saM    l%t  It  ^t*  A  lilflr  Itr^ifr  rlrvrfi  ii\1mk  .iffi<l  ^liortly 
w  .  ^w  ri«;t-t  4t  tlir  rfi'l  <•<  Krt»rit.ir\       It  t«  in  ihr  (iirtolrIljti«>n 
..^  .  ;    MTtil  'TMnr*^  aliitiil    II      r.i«tM.iri!  .iri<I    ;      iiii*tliMar*I  iltir 
t^i,    '^te   f«t««  TTMitith*      (  Hi    I  i-f»ruArv   *ti\\  it  ti.t*«r«  a  Itttlr  iTM»rr 
':t«a*    :      wMith  tti  tin*   \  rnial    I  ijtiiTitix       Ii«  1  iiii>-.iiu  fufi   with 
rmmi  *tfi  I  rliru4r\    1  |th  h.i«  firrti  runit'iitirtl      /  rnnt  w:tl  thru 
IV   '**/fr  than  4  hill  nwi^ititii>tr  liri^'hti-r  th.itt  luf'itr* 

c/»r«  It  in  hrir  iHi^itKifi  lur  r\riiiru'  nlv^rrvatutti    (ifCTiin^  to 
».r»  ^'•fijn  «ilh  tlw    ^'sii  i.n    l.i'ri.i'v    J');       !•   I'  tliifi  .i*wi\r  thr 
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NOTES   VROy]    PACIFIC  COAST   i")b!SKR\'ATORIES. 


Note  on  the  Remhasurkment  of  the  A  Double  Stars. 

Before  publishing  a  genera!  catalog  of  the  A  double  stars  it' 
is  planned  to  scture  a  set  of  measures  of  each  pair  at  a  secoiul 
epoch.  This  will  indicate  not  only  which  pairs  are  in  need  of 
frequent  observation,  but  will  also  serve  as  a  check  upon  the 
earlier  measures  and  identifications.  Systematic  remeasure- 
ment  was  begun  in  July  of  the  present  year,  and.  including  s 
few  pairs  remeasured  in  1914.  420  pairs  have  now  (November 
4th)  been  completed.  The.se  pairs  lie  mainly  in  the  third, 
fourth  and  first  quadrants  of  the  zones  o^  to  —  10°,  -+■  56°  toi 
-j-  90°,  and  +  4"  to  +  12°. 

The  history  of  the  double  stars  listed  in  earlier  catalogs  led 
to  the  exjiectation  that  only  a  small  percentage  of  the  A  stars 
would  give  definite  evidence  of  relative  motion  in  the  interval 
of  from  10  to  16  years  between  the  two  sets  of  measures.  A 
comparison,  for  example,  of  the  measures  hv  Demhowski  and 
Strive  of  the  405  2  double  stars  of  Orders  I  and  II  (pairs 
with  angular  seiiaration  of  less  than  1"  am!  from  l"  to  2", 
respectivelv)  shows  that  in  the  interval  of  30  or  more  years 
only  88  (21.7'/!  1  changed  as  much  as  10"  in  position  angle, 
and  only  37  (q.i'a  )  as  much  as  20°.  My  420  remeasured  pairs 
include  manv  thai  are  considerably  closer  than  the  closest  of 
the  2  stars,  but  also  127  that  range  from  2. "00  to  5-"50  in  dis- 
tance. 

In  point  of  fact,  358  of  the  pairs  show  an  angi.dar  change  of 
less  than  5°.  the  average,  without  regard  to  sign,  being  ±  i.°6. 
Thirty-one  of  these  i)airs  have  an  angular  separation  of  o."50 
or  less,  the  average  for  all  .^58  being  i."8i.  The  distance 
measures  during  the  present  year  are  systematically  larger  than 
at  <liscovery,  the  average  algebraic  difl'erence  for  the  358  stars 
being  +  o."o47.   Disregarding  the  sign  the  average  difference 
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i>  ^  o/'o6^>.  While  it  is  quite  probable  that  in  some  instances 
the  changes  observed  are  due  to  actual  motion,  these  average 
differences —  :r  i.°^>  and  ±:  o/'oj — may  be  regarded  as  an  in- 
dex to  the  consistencv  of  the  measures. 

Probably  some  of  the  obser\e<l  changes  in  excess  of  5^  in 
the  62  remaining  pairs  are  due  to  error  of  measure,  but  it  is 
believetl  that  in  the  majority  of  cases,  and  quite  certainly  in 
the  37  |jair>  in  which  the  <liflFerence  is  a^  great  as  lo".  the  ob- 
srn-ed  change  imlicates  real  motion.* 

In  general  these  are  all  close  pairs,  the  distance,  except  in 
hiur  instances,  ranging  from  o."i4  to  o/'83.  The  wider  pairs 
are: — 


Star 

^  Epoch. 

p  disc. 

Pi       P 
o/'69 

Mag. 
Q.o —  12.0 

III 

15  0 

—  ?  .^ 

2    13 

--0.   17 

86—12.5 

146 

14  -' 

—  6.  2 

I     ^^2 

0.  00 

7  5  —  10.0 

1JL5> 

0  S 

—  54 

I-  40 

—  0.  25 

Q-I  —  I^VO 

The  change  in  .\  14  and  in  A  1229  may  be  due  to  the  proper 
motion  of  the  primar>-,  but  these  stars  are  not  given  in  any 
j>roper  motion  lists  available  to  me.  Am  and  A  146  are 
well-known  proper  motion  stars.  Porter  (Chin.  Publ.  12) 
jrives  the  motion  of  A  146  a«i  o."i4  in  153. "5.  which  would 
increase  both  the  position  angle  and  distance  of  the  companion 
if  independent.     Nfy  measures  are: — 

Date.  #                              p  n 

100127  joR.'o  I  "82  3 

100638  .105.  2  I   84  2 

IQI1.20  302.  0  I   82  I 

1915.44  ,▼>!.  8  I.  90  I 

The  angular  change  is  therefore  probably  due  to  orbital 
motion.  In  the  case  of  A  1 1 1  the  evidence  for  orbital  motion  is 
e\-en  stronger.  Acconling  to  Porter  (Cinn.  Publ.  18).  the 
proj>er  motion  of  the  primar\-  i>  o."285  in  97./  and  hence, 
tf  the  companion  were  independent,  its  ()o«iition  in  1915  should 
be  about  5."  5  in  257-  from  the  primary.  The  following  meas- 
tires  show  the  actual  relations : — 


'  It  nnft   wA  he  fotfoitrti   that   the  mea*  irr*  at  hoth   eporh*  mrxt   ma<lr  by   thr 
Mmr  niMrrvrr   anil   with  thr  «aine   trlrvf^rv      .\  iliffrrcncr  rvra  of    i  >'    tii-mlil   not 
n<¥c«MniT  tni{>)v  arlvial  fn"tM*n  if  the  «ec<«n<l  fnea«jrr«  ha«l  hem  made  hjr  a  <ltffrr 
en*  rvhaerver  Dnfier  iltflerent  coRfiitioni 
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Dale-  e  P  n 

1900.71  zi2.°6  2."i3  3 

3.6?  ai2.  I  2.  z6  2 

4.56  210.  6  2.  30  1 

6^1  309.  4  2.  22  2 

849  *0SL  6  2-05  t 

nitt  ibg.  I  2.  ig  2 

iSH5.yx  907. 3  2.30  2 

On  the  first  night's  examination  in  the  present  year  I  found 

"the  primary  to  be  a  very  close  double,  measures  on  the  two 

nights  giving  the  position: — 

1915.71  262, °5  o.'22  9,3  —  Q.J  magnitudes 

The  seeing  was  good  on  many  of  the  nights  in  earlier  years 
when  the  wider  pair  was  measured,  and  the  close  pair  could 
hardly  have  escaped  detection  if  the  angular  separation  had 
been  as  great  as  it  is  now.  This  is  undoubtedly  a  triple  physical 
system. 

Another  wide  pair  deserving  special  mention  is  A  53.   Porter 

(Cimt.  Publ.  18)  assigns  the  primary  the  large  proper  motion 

of  o."72  in  78.°!,  and  Smith  (Yale  Ptibl.  II,  pt.  3)  obtains  a 

parallax  of  -f-o."o67  ±o."or5.    My  measures  are: — 

Date,  9  P  11 

1900.20  i^.'f'  4."g4  2 

1904.08  44.  8  4.  69  [ 

1915.81  43.  7  4.  20  2 

The  magnitudes  are  8.5  and  12.5.  .Assuming  the  correctness 
of  the  first  position,  the  proper  motion  would  place  the  com- 
panion at  the  time  of  the  last  measures  in  268°  ±,  7-"  6  ±,  if 
the  iwo  stars  were  indei>eniient.  There  is  little  doubt  but  that 
the  observed  change  is  due  to  orbital  motion. 

Of  the  closer  pairs.  I  shall  here  list  only  those  in  which  the 
angular  change  exceeds  40°  an<l  three  which  with  smaller 
atigular  motion  have  shown  also  iriarked  change  in  distance. 
.Attention  has  been  called  lo  three  of  these  stars—  A  88,  A  417, 
and  .A  570 — in  earlier  numbers  of  these  Publications: — 

Star.  i  Epoch.  ifl  pdisc  p,"p  M^g. 

+  o."i5  8.2  —  8.3 

1        +0.  01         6.9  — ;.i 


A          T 

A   88 

i6'.o 

+  24. -J 
-406,8 

A   93 

IS  .1 

+  s6.  a 

■^  23S 

14  J 

+  20-2 

A  313 

13  .0 

-29  2 
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>t-ir             J^  Epoch.  ^$  ^<ii«c.  ^^ — ^                Mag. 

\  4ir  ijio  ^  146.  5  a  19  —a  03  (1.0  —  60 

\  4JI  120  — &|>  8  o.  19  —  O-  04  8.5  —  8.5 

\  404  i-io  ^159.0  o    14  —a  03  6.g  — 7.8 

A  570  \2  2  — 119.  6  a  20  — o.  ou  6.3  —  6-5 

\  «*>  i2x  —41.1  0.28  — o.  oz  8-8  —  8.8 

\  ^^3-  »">  — 50.  8  o.  45  — o   II  8.0  —  8-7 

\  *u^  no  — *>.  8  a  19  —  o.  02  90  —  9.0 

\  751  10  J  — 67.  5  o   16  —  o  03  6.8  —  7.3 

.\  S83  10  V  —227  4  o.  14  —  o  02  76  —  7.8 

\ioi4  90  —  40   I  o.  25  —  o    10  8.6  —  86 

\1238  102  —46  7  o.  2^  —  o.  01  7-4  —  7.6 

It  is  practically  certain  that  the  motion  in  all  of  these  sys- 
tems i>  orbital.  A  751  is  too  close  to  measure  this  year,  and 
the  two  measure^  last  vear  were  made  with  CTeat  diffiailtv  antl 
arc  di.'^'ordant.  The  chanjje  of  227'  in  A  88;^  is  assignetl  on 
the  evi<lence  in  intermediate  vears  that  the  motion  is  retro- 
:,Ta<!e.     This  year  the  quadrant  was  indeterminate. 

Robert  G.  .-Xitke.v. 

\i»vrmhtr  4.  1915. 

The  Remodeled  (x>fo<it  T<»wer  Telescope. 

In  its  orijntwl  form,  the  60- foot  tower  telescoj>e  was  con- 
structed as  cheaply  as  possible,  using  a  sinjjle  standard  water- 
tank  tower  built  by  the  Aermotor  Company.  an<l  small  canvas- 
covered  shelters  for  the  coelostat  and  second  mirror.  Its  verv 
>atiH factory-  performance  made  a  more  permanent  arrangement 
de>iraWe,  and  it  has  accordingly  been  pro\'ide<!  with  a  second 
tower,  supporting  a  dome,  and  a  closed  tube,  with  double  walls, 
extending  from  top  to  bottom  and  thus  protecting  the  vertical 
light  beam  from  cross  currents  of  warm  air  near  the  ground. 
The  temporar)'  house  at  the  foot  of  the  tower  has  also  been 
replaced  by  a  concrete  structure,  enlarged  sufficiently  to  give 
space  for  a  photographic  dark-room. 

-\t  the  same  time  various  important  changes  have  been  made 
in  the  auxiliar)'  equipment.  The  50- foot  spectrograph,  im- 
proved in  various  details,  may  now  be  easily  transformed  into 
an  18- foot  spectrograph  for  use  with  a  quartz  invar  inter- 
leromcter.  It  has  also  been  provide<l  with  vacuum  and  mercury 
arcs,  a  device  for  exfX)sing  simultaneously  on  the  arc  and  solar 
image,  and  other  new  accessories.  A  13- foot  spectro-heliograph 
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has  also  been  constructed  and  installed  beside  the  spectrograph. 
The  frame  of  angle  iron  which  supports  the  optical  parts  is 
suspended  in  the  underground  chamber  from  a  heavy  carriage 
resting  on  four  steel  balls,  moved  as  a  whole  by  an  electric 
motor.  Thus  the  solar  image  and  photographic  plate  are  sta- 
tionary, while  the  collimator  and  camera  slits  move  with  the 
spectre-heliograph  across  them.  The  4-inch  plane  grating 
used  in  this  instrument,  which  is  extremely  bright  in  the  first 
order,  was  ruled  by  Anderson.  As  the  axes  of  the  collimator 
and  camera  lenses  are  parallel,  the  beam,  after  leaving  the 
grating,  falls  on  a  plane  mirror,  from  which  it  is  reflected  thru 
the  camera  lens.  This  mirror  may  bu  moved  along  the  axis 
of  the  camera  lens,  thus  making  it  possible  to  change  the  angle 
between  the  incident  and  diffracted  beams  and  hence  to  vary 
the  linear  di.spersion  of  the  first  order  spcctnim. 

In  work  with  the  spectro-heliograpb  it  is  often  desirable  to 
determine  small  displacements  of  flocciili  not  measureable  by 
existing  methods,  because  of  local  distortions  due  to  drift  of 
the  image  during  the  exposure,  tempoiary  poor  i^eeing,  chang- 
ing refraction  during  long  exposures  with  low  sun  and  other 
causes.  The  13-foot  spectro-heliograph  is  accordingly  provided 
with  two  camera  slits,  one  of  which  may  be  set  on  Ha  or  any 
desired  line),  while  the  otber.  at  a  distnrce  of  several  inches, 
is  set  un  the  continuous  >i])cctruni.  Thus  two  images  of  the 
same  region  of  tlie  Sun  -niiy  be  iihotographed  simultaneously 
on  a  single  ])late.  one  •■liowiiig  tbc  floccnli  surrounding  a  group 
of  sim-spots,  the  other  tlie  s]iots  themselves.  Fine  wires 
stretched  across  [be  collimator  slit,  logclher  with  tlie  images 
of  the  two  ciiiiera  slits  at  the  end  of  ihc  run.  furnish  the 
necessary  fiducial  lines,  with  reference  to  which  ihc  positions 
of  spots  and  lioeculi  can  l)e  measured.  Thus  the  motions  of 
floccnli  can  bu  iletermincil  ditfertntially  with  reference  to  spots 
on  solar  images  affected  in  precisely  the  .same  degree  by  any 
source  of  distortion. 

Ity  providing  two  gratini^s  nr  two  mirrors  below  the  camera 
lens,  two  images  of  the  spectrum  from  a  single  eoOimator  slit 
can  lie  iiroduced  side  by  side.  Thus  by  setting  one  camera  slit 
on  the  red  edge  of  Ha  in  one  si>cctruni  and  a  second  camera 
slit  on  the  violet  edge  of  /7u  in  the  other  spectrum,  photographs 
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of  rtoccuH  can  be  obtained  with  the  two  edfjes  simultaneously. 
Similarly  two  or  even  three  photographs,  showinfj^  sections  of 
the  flocculi  at  as  many  diflFerent  levels,  can  also  be  taken  simul- 
taniTiuslv. 

The  results  obtained  with  the  13-foot  spectro-heliopraph  are 
very  •^tisfactory,  showing  the  advantages  of  miproved  defini- 
tion of  the  solar  image,  high  dis|)ersion  and  freedom  from 
«litTu>e  light  in  the  s|K*ctro-heliograph  and  exceptional  smooth- 
ness of  motion.  Successive  photographs  of  the  disk  made  with 
the  //tt  line,  when  combined  in  a  stercosco|K\  show  the  tlocculi 
**tan<ling  in  high  relief,  and  clearly  indicate  the  identity  of  the 
very  dark  hydrogen  flocculi  (  called  "filaments"  by  Dkslandres) 
uith  prominences,  in  which  form  they  are  subsequently  photo- 
graphed when  carrie<l  to  the  limb  by  the  Sun's  rotation. 

Gkorc.e  K.  IIai.k. 

Pk<h;ress  of  Work  on  tiik  ioo-inch  Tklkscopk. 

The  close  of  the  191 5  construction  season  finds  the  steel 
dome  for  the  100-inch  tclescojie  completely  enclosed  and  in 
working  onler,  tho  considerable  miscellaneous  work  remains 
to  l>e  done.  This  includes  the  exterior  sheathing  of  the  fixed 
I^ortion  of  the  building  (the  inner  wall  of  which  is  in  place). 
the  construction  and  erection  of  the  observing  platfonn  and 
cage-hoist,  exterior  and  interior  [)ainting,  etc.  It  is  satisfac- 
torv  to  find  that  the  dome  turns  verv  smoothlv  and  easilv  on 

•  m  m  m 

the  raiN,  which  were  finishe<l  tnie  after  erection  with  a  high- 
«»jH'ed  grinder  carried  by  a  radial  ann  pivoted  at  the  center  of 
the  building.  This  is  a  matter  of  im|)ortance.  as  the  high 
fiis|)ersif>n  s|>ectrograph  for  stellar  sjxjctra,  to  he  mounted  on 
a  pier  in  line  with  the  jK)lar  axis,  must  be  free  from  vibration 
chiring  the  ver\'  long  ex|K)sures  which  will  l>e  required. 

Two  carloads  of  |>arts  of  the  telesco|>e  mounting  are  already 
on  Mount  Wilson  an<l  four  carloads  are  on  the  way  from  the 
Tore  River  Ship  Yards  at  Quincy,  Massachusetts,  where  the 
heavier  work  has  IxHrn  done.  The  l>alance  will  follow  verv 
>oon.  excepting  the  tul)e,  which  was  to  come  by  the  Panama 
(.'anal,  now  closed  to  traffic  becau.se  of  slides.  Manv  of  the 
smaller  parts  of  the  mounting,  including  the  driving  clock, 
have  been  completed  in  our  Pasadena  instnmient  shop. 
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olizing  of  the  loo-inch  mirror  is  progressing  satis- 
factorily in  oiir  optical  shop,  and  is  now  85  per  cent  complete. 
The  optical  tests  for  figure  are  made  both  at  the  center  of 
curvature  anrl  at  the  focus  of  the  paraboloid,  in  the  latter  case 
with  the  aid  of  a  60-inch  plane  mirror  figured  for  the  purpose. 
The  erection  of  the  telescope  nioimtiiig  on  its  pier  will  be 
begim  in  1916,  after  the  completion  of  some  unfinished  wodc 
on  the  larger  parts  and  the  painting  of  the  interior  of  the 
dome.  It  is  not  likely  that  the  telescope  can  be  ready  for  nae  ^ 
before  the  summer  of  iQi?. 

George  E.  H.\le. 

The  Specthu-M  of  the  Companiqx' of  Sirius. 

We  have  made  several  attempts  during  the  past  two  years 
to  secure  a  spectrum  of  the  companion  of  Sirius.  Its  position 
is  favorable,  the  distance,  accordinjj  to  Professor  Bahnasd's 
recent  measures,  lieing  more  than  10"  in  a  position  angle  of  j 
about  70°.  The  great  mass  of  the  star,  equal  to  that  of  the  , 
Sun  and  about  one-half  that  of  Sirius.  and  its  low  luminosity, 
one  one-hundredth  part  of  that  of  the  Sun  and  one  ten-thou- 
sandth part  of  that  of  Sirius.  make  the  character  of  its  spectrum 
a  matter  of  exceptional  interest. 

Most  of  the  spectrum  photographs  have  been  taken  at  the 
80-foot  focus  of  the  60-inch  reflector  with  the  Cas.segrain  com- 
bination of  mirrors.  At  this  focus  the  distance  of  the  com- 
])anion  from  Sirius  is  1.2"'"'.  The  rays  from  Sirii(S.  due  to  the 
supports  of  tile  auxiliary  mirrors,  are  very  prominent,  but 
form  angles  of  about  45"  with  the  line  joining  Sirius  with  the 
companion,  and  so  do  not  reach  the  slit  unless  ihe  images  begin 
to  blur  badly.  The  main  difficulty  in  securing  satisfactory 
photographs  is,  of  course,  the  strong  general  illumination  of 
the  field  and  the  presence  of  subsidiary  ray.s  which  contribute 
more  or  less  light  to  ihe  slit  as  the  seeing  varies.  During  the 
ex])osures  Siriits  has  been  kept  on  the  black  metal  screen  in 
which  is  cut  the  opening  forming  the  star  window,  while  the 
companion  is  held  in  a  position  slightly  to  one  side  of  the 
center  of  this  window.  .Accordingly  it  is  possible  to  compare 
on  the  photographs  Ihe  spectrum  of  the  point  at  which  the 
companion  is  maintained  with  the  spectrum  due  to  the  general 
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ilhimination  of  Sirius.     The  exposure  times  jpven  have  been 
those  noniial  for  a  star  of  8.5  magnitude. 

Two  or  three  photographs  obtained  in  this  way  showed  a 
dccide<l  maximum  in  the  spectrum  at  the  point  at  which  the 
conifKinion  was  kept  during  the  ex|X)sure.  Still  there  was  no 
distinct  line  of  separation  from  the  general  spectnim  due  to 
Sirius.  A  photograph  taken  on  October  i8th  under  excep- 
tionally gooil  conditions  of  seeing  docs  show  such  a  demarca- 
tion, however,  there  being  a  narrow  s|)ectrum  corres|)onding 
to  the  |>oint  on  the  slit  at  which  the  companion  was  held,  which 
is  separated  by  a  distinct  break  from  the  intense  spectrum  of 
Sirius  near  the  edge  of  the  star  window.  It  is  difficult  to  avoid 
the  conclusion  that  this  is  the  spectnmi  of  the  companion. 
There  was  no  ray  from  Sirius  near  this  point  of  the  slit  and 
during  the  entire  exposure  the  companion  was  well  visible  and 
accurate  guiding  was  easily  maintained. 

The  line  spectrum  of  the  companion  is  identical  with  that  of 
Sirius  in  all  res|)ects  so  far  as  can  l>e  judged  from  a  close 
comparison  of  the  s|)ectra,  but  there  appears  to  be  a  slight  tend- 
ency for  the  continuous  spectrum  of  the  companion  to  fade  off 
more  rapidly  in  the  violet  region.  The  suggestion  has  been 
nia«le  by  several  astronomers  that  at  least  a  portion  of  the 
li^jht  of  the  com|>;mion  is  due  to  light  reflected  from  Sirius.  It 
is.  however,  bv  no  means  necessarv  to. have  recourse  to  this 
explanation,  since  in  the  case  of  the  companion  of  o^  Eridani, 
where  there  can  be  no  question  of  reflected  light,  we  know  of 
a  similar  case  of  a  star  of  very  low  intrinsic  brightness  which 
has  a  s|)ectrum  of  type  A„. 

Direct  photographs  taken  by  Dr.  van  Ma.xnkn  with  and 
without  the  use  of  a  yellow  color  screen  agree  with  the  si>ectro- 
graphic  results  in  indicating  that  the  companion  of  Sirius  has 
a  color  index  not  appreciably  different  from  that  of  the  prin- 
cij>al  star.  Waltkr  S.  Adams. 

Thk  Spectrum  of  Xova  Lackrt.k  (  igio). 

Two  photographs  of  the  si)ectnun  of  this  Xova  were  ob- 
tained on  the  nights  of  September  3d-4lh  an<l  Septeml>er  5th- 
6th  with  a  small  slit  spectrograph  at  the  primary  focus  of  the 
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6o-inch  reflector.     The  exposure  times  were  about  i6  hours 
in  each  case,  with  a  slit  width  of  0,04™". 

The  photographs  show  that  the  intensities  of  the  continuous 
spectrum  and  of  the  bright  hydrogen  lines  remain  nearly  the 
same  aS  on  a  photograph  secured  in  October.  1913.  The 
nebular  Hnes,  however,  are  very  much  fainter,  the  chief  nebular 
line  being  now  of  nearly  the  same  intensity  as  Hp.  It  is  evi- 
dent that  the  spectrum  of  Now  Lacertiv,  like  that  of  Nova 
Persei  and  Nova  Gemtnorum  No.  2,  is  developing  into  the 
Wolf-Rayet  type. 

A  direct  photograph,  upon  which  was  superimposed  a  photo- 
graph of  the  polar  sequence,  gives  a  photographic  magnitude 
of  13.5  for  the  star. 

Walter  S.  Adams, 
Fran'cis  G.  Pease. 


A  Seventh  Variable  Star  in  Tnii:  Hercules  Cluster. 

In  Astrophysical  Journal,  40,  179,  1914,  Professor  BasmAI 
calls  attention  to  a  star  in  the  cluster  Messier  13,  midway 
tween  Scheiner  Nos.  231  and  270.  which  seems  to  be  a  vanat 
Tlif  slar  i-i  evidently  Si-hciiier  Xo.  245  =  Ludendorff  No.  344. 
The  Mount  Wikon  ]>lates  confirin  tlie  susiiccted  v[iriation,  tho 
but  a  small  cbaii.L;e  in  brii^'lunes';  i*  rccordeil. 

TIk-  ob'Jervatioiis  are  as  follows: — 

ll.ilp,  MaKniniiIi-. 


3 

iwM 


Oclolior    18 
..  M;.rdl   l.:;tli 


Haruiw  Skai'lev. 


l\'.)TE(l\  TEilvSl'ELIHUM  (>!■  StaRS  ol'  II  \R\  AkI)  Tvi'ES  X  AND  R. 

The  very  interesting  type  of  stellar  -.iiectrum  discovered  by 
Mrs.  1'"lemi\c;  and  designated  as  type  K  was  distinguished  by 
her  from  that  of  type  N  by  the  relatively  great  intensity  of  the 
violet  portion  of  the  continuous  s])eL-trinn.  In  a  recent  com- 
parison of  the  spectrum  of  the  brightest  representative  of  this 
tvpe.  B.  D. —  io°5057,  with  that  of  several  stars  of  type  N. 
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some  other  differences  have  been  found  which  may  have  a 
bearing  on  the  relation  of  these  two  types  of  spectra  to  one 
another.  The  principal  differences  may  be  summarized  briefly 
as  follows:  the  well-known  N  type  star,  H.  D. -f- 25°  205  is 
taken  as  representative  of  this  class. 

B.  D.  4-  ^5"205  (  X  )     B.  D.  —  io*5057  (  R ) 

CarUm"  heads  4554,  4^06. . .  Very  strong  Trace 

V4744.   4g^M    "           •*  Absent 

V4J.T   'Ca)    "          "  Weak 

\rc  lim-v  of  Ti  and  V Strong  ** 

I  Strong  in  snn-spots. ) 

J.nhanccd  linci  of  Fe  and  Ti.  Weak  Strong 

•  Weak  \\\  Min-spots. ) 
( hr-'inovphcric    lines    X4215, 

^  42 J3    Weak  Very  strr)ng 

It  is  cvi<lent  that  these  differences,  tho  j^reater  in  amount, 
are  very  similar  to  those  found  between  the  spectnmi  of  sun- 
^jhiIn  an<l  that  of  the  Sun.  The  intensity  of  the  violet  |X)rtion  of 
the  continuous  spectrum,  the  strenj:^h  of  the  chromospheric  and 
the  enlianced  lines,  and  the  weakness  of  the  low  temi>erature 
l:ne>  Mich  as  A  4227  of  calcium,  all  point  to  the  probability  of 
a  distinctly  hij^her  temi>erature  for  the  R  tyi>e  stars. 

\\'.\LTKR   S.    .\l)AMS. 

Radial  \'eu)citiks  of  Six  XKnrL.v:. 

S|>ectroj^rams  of  the  followinj;»^  nebuhe  have  l>een  taken  with 
the  'o-inch  C'asse^rain  siwctrojjraph  in  which  a  64^  O  102 
prism  an<l  camera  of  7  inches  focal  lenj^th  were  used.  The 
^^ale  i>  Hy  —  K  :=  7"". 

The  plates  were  measured  by  Mr.  Ada.ms  and  values  given 
are  reduce<l  to  the  Sun. 

1.  Puffthhcll  \cbula. — The  slit  was  set  on  the  brightest  knot 
in  the  nebula  about  i>i|  minutes  of  arc  sf*  the  nucleus.  The  ex- 
IKjMire  was  3254  hours,  extending  over  five  nights.  Four  strong 
liright  lines  show  ;  5007,  4950*  Mp  Hy ;  no  continuous  spectrum 
^hows.    The  radial  velocity  is  — 63^". 

2.  Messier  33. — ITie  slit  was  set  on  the  brightest  knot  in  the 
nebula  about  10  minutes  nf  the  nucleus.  The  exposure  was 
34 'i  hours.  Three  bright  lines  only  appear,  5007,  Hp,  Hy, 
The  radial  velocity  is  —  278*". 
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3.  iV.  C.  C.  i'o^j  —  a)  7th  mag.  star  involved  in  nebulosity. 
The  rartial  velocily  for  the  nucleus  given  by  four  absorption 
lines  is  -|-  0.7""".  bj.  Two  si>ectrograms  of  the  nucleus  obtained 
with  the  slit  spectrograph  in  the  primary  focus  of  the  60-inch 
reflector  and  with  the  slit  (p-f)  13.6  seconds  of  arc  north  of  the 
nucleus  both  show  the  same  strong  continuous  spectrum  crossed 
by  absorption  lines. 

4.  5,  6.  .V.  G.  C.  65/2,  N.  G.  C.  6826.  X.  G.  C.  (55o/.— Planet- 
ary nebulje.    Radial  velocities  are : — 

N.  G.  C.  65^2  (9  lines) —  iz"" 

N.  G.  C.  fi8j6  (5  lines) —  8 

N.  G.  C.  68gt  (6  lines) +38 

The  values  which  Keeli-ji  obtained  for  these  nebulas  as  meO' 
tioned  by  Campuell  in  "Stellar  Motions,"  p.  210,  are : — 

N.  G.  C.  6572 —  9.7 

N.  G.  C.  682G  —   5-3 

N.  G.  C  liSgi   +40.7 

\\*n[(-;nT's  valuta  of  nebular  wave-lengths  were  used. 

rH,\Ncis  G.  Pease. 

Fa[\t  St.vr  with  Larck  Phopkr  Motion. 

Three  pairs  of  plates  taken  in  1914  and  K115  of  the  region  of 
I'i.  2"  123  (a  —  2''  30"'  3('V,  S  =  -j-  f>°  25',  I'joo)  show  a  star  of 
about  the  i2fh  magnitude,  2' .6  East,  o'.()  South,  having  a  proper 
motion  of  2".ri3  in  ]>  =  48". 9,  which  is  nearly  the  same  as  that 
of  the  principal  .star  (2. "34  in  p5i°.S). 

Assuming  the  parallax  of  the  faint  star  to  be  ihe  same  as 
that  of  I'i.  2"  123,  which  is  given  in  Piihlicalioii  of  llic  Astro- 
uoiuical  Laboratory  at  Gronius^cn,  \o.  24,  as  4-o".i43,  the 
absolute  magnitude  (ai)i)arent  magnitude  at  a  distance  corre- 
sponding to  parallax  o".i  1  of  the  faint  star  is  about  13. 

,\.  \AN  M.\an[;n. 

Radiaf,  \'i:i,nriTii:s  ov  ynv.  Pi.ant.tahv  and  Irhecular 

Xi:iiuL.i:. 
The  discovery  in  1910  that  stellar  radial  velocities  increase 
in  general  with  advancing  spectral  clnss  has  led  to  the  exten- 
sion of  the  observing  program  to  include  the  gaseous  planetary 
and  extended  nebul;e  whose  sjicctra  are  composed  of  bright 
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lines,  a  |Kirticu1ar  point  of  interest  in  the  results  to  be  obtained 
bcin}^  ]K>ssi!)le  relationships  between  nebular  and  stellar  veloci- 
ties which  niijjht  lead  to  conclusions  respectinjj;'  the  hyi)othesis 
of  the  evolution  of  stars  from  nebula?.  Three  hundred  and 
forty-eight  measures  of  the  velocity  of  92  nebul.x  have  been 
secured  .it  the  I-ick  and  D.  O.  Mills  Obser\'atories,  working 
rc^IKVtively  in  the  northern  and  southern  skies.  Single  prism 
^I»cctrographs  witli  cameras  of  iC  and  18  inches  focal  length 
have  Inren  used  for  the  brighter  objects,  particularly  the 
planetary  nebula?,  but  for  the  fainter  and  extended  nebulae, 
two-  and  three-prism  instruments  with  8-  and  5-inch  cameras 
have  l>een  employed.  The  advantage  of  the  latter  combinations 
is  <ibvious  from  the  fact  that  the  3-prism  s[)ectrograph.  for 
example,  is  found  to  l)e  five  or  six  times  as  rapi<l  as  the  one- 
prism,  long-camera  instnunents,  while  the  linear  dispersion 
is  the  same.  By  means  of  these  combinations  the  two  green 
line**  of  nebulium  and  the  hydrogen  line  HP  and  occa- 
^iiinally  the  line  at  4^)86  A  have  been  photographed  with  ex- 
l»<»sures  ranging  from  one  to  18  hours.  The  measures  of 
velocity  obtained  from  the  plates  show  prolxible  errors  rang- 
ing from  one  to  four  kilometers,  depending  upon  the  in- 
ten>ities  and  number  of  lines  measured. 

The  results  deduced  from  the  observations  de|>end  upon  80 
out  of  the  total  02  values  of  velocity.  12.  which  relate  to  nebulae 
in  the  Magellanic  Oou<ls,  having  been  excluded  because  at- 
teniled  by  extraordinary  circumstances.  Seven  pertain  to  the 
exten<led  or  irregular  nebukc  and  "jt^  to  the  regular  forms  as 
planetary  and  annular.  All  velocities  having  l)een  freed  from 
the  effect  of  the  solar  motion,  average  velocities  of  the  various 
groups  are  found  to  be: — 

Of    7  extended  nebiilx lo  kilometers 

*•    y^  disks  and  rinffs  JQ  ** 

"    34  stellar  nebuLr    50 

"    73  rcgidar  form?    30  " 

I'Vom  this  it  is  obvious  that  velocity  increases  with  respect  to 
the  order:  extended,  disk,  stellar  fomis.  It  can  scarcely  be 
questioned  that  the  planetar\-  nebulae  may  become  helium  stars, 
iHit  the  hypothesis  that  helium  stars,  whose  ratlial  velocities 
thus  far  observed  average  6  kilometers,  have  in  all  cases 
evolved  from  planetary  nebulae  appears  untenable  in  view  of 
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vhe  six-  or  seven-fold  greater  average  velocity  of  planetary 
nebulje, 

A  further  significant  result  is  the  accordance  of  the  value  of 
the  solar  motion  derived  from  these  nebular  velocities  with 
that  of  20.2  kilometers  derived  from  Qass  B  stars:  namely. 
20. 1  kilometers  from  the  73  iiebiil«e  of  regular  form,  and  20.7 
kilometers  from  the  7  extended  nehulae.  It  is  thus  clear  thai 
the  extended  and  planetarj-  nebulje  are  associated,  at  least  m 
respect  to  their  peculiar  motions,  with  our  stellar  system.  The 
evidence  of  association  of  the  nebulas  with  our  stellar  system 
is  strengthened  by  strong  indications  of  preferential  motions 
in  the  direction  of  the  vertices  of  Kaptevm's  two  star  streams. 
This  is  shown  in  two  ways,  first  by  a  tabulation  with  respect 
to  distance  from  the  vertices  and  second  with  respect  to  dis- 
tance from  the  central  plane  of  the  Milky  Way. 

W.  W.  Campbeh,, 
J.  H.  Moore. 

Note  on  Hind's  Vakiaiile  Nebula. 

This  nebula  (N,  G.  C.  1554),  close  to  the  irregularly  variahl^ 
star  T  Taiiri.  is  an  object  of  special  interest  in  that  it  affords  us 
]'rol>ably  the  only  absolutely  authentic  evidence  of  change  in 
this  class  of  objects.  It  was  discovered  by  TIind  in  1852,  and 
was  seen  easily  and  measured  by  Stki^vk,  D'Akkkst.  Lasseli,. 
and  others,  bnt  had  disappt-ared  by  ( )ctober.  iSCu.  The  vari- 
ous observations  are  so  definite  ihnt  there  is  no  chance  for 
error.  D"Akhest.  for  instance,  descril)es  it  as  <[nite  bright, 
about  r  in  diameter,  and  saw  it  easily  in  the  light  of  the 
fivc-day-olil  moon.  In  i8(/),  I'rofcs.sor  ['\hnari)  described  it 
as  at  the  limit  of  visibility  with  the  .^it-inch  refractor. 

I'ive  plates  have  been  taken  of  this  region  with  the  Crossley 
Retk'Ctor:  the  dates  and  exjiosures  are: — 


'rhc  nebula  is  of  the  utmost  faiutncss  on  all  these  plates,  but 
.  a|iimreiulv  a  little  brighter  in  1014.  It  is  difficuh  to  resist 
;e  impression  that  it  has  l>ecome  somewhat  brighter,  tho  the 
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rather  j)oor  character  of  the  plates  of  1899  makes  a  definite 
<iecision  impossible. 

The  star  T  Tanri  itself  has  a  very  interesting  nebulous  wing 
which  is  either  variable  or  must  rotate  so  as  to  be  concealed 
at  times.  This  api>endage  is  a  small  cone-shaped  projection 
lH''rha[>5  four  seconds  of  arc  in  length  in  position  angle  130  ±:  °. 
1 1  was  often  seen  by  Tempel,  and  was  fairly  conspicuous  when 
examined  by  I^xrnard  and  Bi^rniiam  in  i8<)o,  but  entirely  in- 
visible when  Barnard  looked  for  it  in  Febaiar)-,  1893.  It 
can  be  clearly  made  out  in  the  elongated  image  of  T  Tauri  on 
U>th  the  Crossley  plates  of  1800.  (^n  the  19 14  plates  it  is  cer- 
tainly not  present :  the  clisk  of  the  variable  is  perfectly  round, 
thn  |>erhaps  with  just  a  trace  of  nebulosity  all  around  it.  It  is 
evident  that  this  interesting  variable  will  repay  further  in- 
vo<tii:ation.  II.  D.  Curtis. 

Sk  \R(  H  FOR  Taint  Members  of  the  Tatrts  Cmster. 

Dr.  HhJiizspRiNr.  suggested  in  1014  that  it  would  be  of  in- 
tercut to  compare  the  earlier  plates  of  the  region  of  T  Tauri 
with  recent  plates  in  the  endeavor  to  tind  very  faint  members 
of  the  well-known  Taurus  stream.  This  region  is  about  (\\q 
decree-*  from  the  center  of  the  ffyades.  and  a  proi)er  motion  of 
i"r>  woul<l  be  expected  in  the  interval  of  nearly  fifteen  years. 
A  irotion  of  this  amount  should  show  clearlv  on  the  C'rosslev 
plate-*. 

The  mea*»ure<  were  made  entirely  differential,  with  res[>ect 
to  a  common  system  of  five  <^tars  of  eighth  to  ninth  mag- 
nitude: and  twelve  faint  stars  of  from  fourteenth  to  eigh- 
teenth magnitudes  were  selected  at  random  in  the  area  of  l)est 
definition.  Xone  of  the  small  relative  motions  found  agree 
either  in  magnitude  or  direction  with  the  motion  of  the  com- 
lM>nents  of  the  Taunis  stream.  Within  the  limited  area  ex- 
amine<l  the  results  must  l>e  regarded  a^  purely  negative. 

H.  D.  Curtis, 

Note  on  Comet  rfiQi5  (Mixusn). 
(  omet  d  u>i3  was  first  seen  by  Mr.  John  K.  Mei.i.i.sh,  of 
the  ^'e^kes  Observatory,  on  September  13.  H)i3. 

The  first  observation  received  at  the  Students'  ()bservator\- 
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was  one  by  Dr.  Aitken,  taken  on  September  20th.  Another 
observation  on  September  21st  by  Aitken.  and  one  by  Van 
BiESBROECK  at  the  Yerkes  Observatory,  on  September  18th. 
arrived  the  following  day.  On  the  basis  of  these  three  observa- 
tions a  preliminary  orbit  was  computed  by  Mr.  Alter  and  the 
undersigned.  (H.  C.  O.  Bulletin  590).  Four  more  observa- 
tions have  been  received  to  date;  two  by  Aitken  on  Septem- 
ber 22d  and  23d  respectively,  and  two  by  Van  Biesbboeck  on 
September  20th  and  zist  respectively.  Aitken's  obser\'ations 
of  September  20th,  21st  and  23d  were  used  in  the  calculation 
of  new  elements,  which  are  published  with  an  ephemerls  in 
Lick  Observatory  Bulletin,  Number  273, 

The  comet  passed  within  41,000,000  miles  of  the  Sun  on 
October  13,  1915.  Its  nearest  approach  to  the  Earth  occurred 
on  October  2d,  when  it  was  approximately  123.000,000  miles 
away.  It  changed  from  a  morning  to  an  evening  object  on 
October  6,  1915.  The  inclination  of  its  orbit  plane  to  the 
ecliptic  is  54°.  The  longitude  of  its  a.scending  node  is  78". 
This  places  the  path  of  this  comet  in  a  plane  nearly  coincident 
with  that  of  comet  a  1915,  discovered  by  Mellish  on  February 
10.  1915. 

Owing  to  its  nijiidly  increasing  southern  declination,  and 
nearness  to  the  Sun.  it  is  doiditful  if  any  more  obser\'alions 
of  thf  comet  can  be  secuicil  in  the  northern  lieniisi>hcre.  Lick 
Observatory  I'.ullctin.  \nmber  273,  gives  its  position  to  De- 
cember 30,  1015.  Its  declination  on  that  dale  is  —  49".  and  in 
right  ascension  it  is,  at  that  time,  only  one  hour  east  of  the 
Sun,  Its  distancf  from  the  llartli  on  Decondjcr  30.  1915,  will 
be  2311.00(1,000  niilc-^. 

S.  ElX.\RSSON', 


XoTi:  u\  (.o\riCT  (/ H)i5  1  Mr.r.i.ESii)- 

A  telegram  was  received  at  ihc  Lick  Observatorj'  on  Sep- 
tember 11).  ii)[5.  from  Director  I''kost  of  the  Yerkes  Ob- 
servatory rei|uesting  observations  of  a  new  comet  discovered 
by  Mr.  Jiius  E.  MKi.r.iSii.     The  comet  was  found  that  night 
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with  the  12-inch  telesco|)e.  It  was  a  small  object,  nearly  round, 
about  y  in  diameter,  with  a  well  marked  central  condensation, 
hardly  shaq)  enuf  to  be  called  a  nucleus.  It  was  low  in  the 
eastern  sky  just  before  dawn,  and  its  motion  was  found  to  be 
to  the  south  and  east,  towards  the  Sun.  Measures  were  not 
•iifiicult  on  this  nip^ht  nor  on  September  20th.  for  the  observing^ 
comiitions  were  g^ood.  On  the  two  followinj2:  nip;hts.  Septem- 
ber 21  St  and  22(1.  wind  .ind  poor  seeinjj.  and  moonlij^ht  made 
the  comet  exceedingly  faint.  On  September  21st  no  star  was 
available  for  direct  measures,  and  the  approach  of  dawn  per- 
mitteil  onlv  four  measures  in  each  co-ordinate,  bv  transits,  from 
a  Ntar  nearly  2"  distant.  This  obser\'ation  should  Ix?  jjfiven 
'iniall  wcijj^ht  in  the  definitive  orbit  tliscussion.  Stronir  moon- 
lijrht  an<l  the  comet's  rapid  approach  to  the  Sun  prevented 
further  measures.  It  was  looked  for  in  the  western  skv  after 
sunset  in  October,  but  without  success. 

R.  G.   AlTKEN. 
Novcm!)cr  8.  1915. 

A  Rrilli.\nt  Aurora. 

In  the  early  mominj^  hours  of  June  17.  1015  (civil  time),  a 
beautiful  aurora  was  seen  from  Mount  Hamilton.  It  was  first 
noticed  shortly  after  midnight  and  l)ecame  most  brilliant  at 
alxnit  2:30  (P.  S.  T.).  The  illumination  extended  from  13"^  to 
30  west  of  north  to  80°  or  90°  east  of  north.  The  streamers 
reached  half  way  to  the  zenith. — up  into  the  Milky  Way  alwut 
Cassiopeia.  Few  of  the  streamers  were  as  lon^  as  60°,  and 
the  forms  were  chanp^ing  constantly.  There  was  a  distinct 
crimson  color  in  the  east. — just  over  Copernicus  Peak  as  seen 
from  near  the  12-inch  dome. 

\n  aurora  in  California, — at  least  in  the  rei^ion  around  San 
Francisco  Hay. — is  a  ver\'  rare  phenomenon,  and  I  have  no 
recollection  of  ever  having  seen  one  in  this  region  before. 

S.  D.  Town  LEV. 

Observed  Rotations  of  Planetary  Nebul^e. 

An  obser\'ation  of  planetary  nebula  XCiC  70CK).  R.  .\.  20** 
58».  Dccl.  —  11*^  48',  secured  with  the  three-prism  Mills  si>ec- 
trograph  on  the  evening  of  November  14.  191 5.  showed  us. 
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Ihc  following  day,  that  the  bright  lines  composing  the  nebular 
spectriim  are  inclined  to  the  zero  direction,  as  indicated  by  the 
comparison  spectra  of  hydrogen  and  helinm.  We  had  made 
the  exposure,  using  a  sht  a  little  longer  than  the  east  and 
west  diameter  of  the  nebula,  for  the  purpose  of  testing  the 
question  of  nebular  rotation,  and  the  inclination  of  lines,  as 
described  above,  was  the  evidence  which  we  were  hoping 
to  secure. 

The  general  outline  of  the  image  of  this  nebula  i.s  elliptic 
with  the  major  axis  in  ]Kisition  angle  79°  and  the  minor  axis 
in  position  angle  169°. 

The  fir.st  spectrogram  had  been  secured  with  the  telescope 
anfl  spectrograph  east  of  the  pier  of  the  telescope  and  the  slit 
in  position  angle  90°.  To  make  sure  that  the  inclination  of  the 
lines  was  not  an  instrumental  effect,  the  .second  spectrogram 
was  obtained  with  the  telescope  and  s])ectrograph  west  ol  the 
pier,  which  reverses  the  instrumental  conditions.  The  slit  was 
in  position  angle  79° ;  that  is  coincident  with  the  longer  axis  of 
the  nebular  ellipse.  The  resulting  spectrogram  fully  confirmed 
the  results  of  the  first  observation.  The  third  spectrogram, 
with  lelescoyic  east  nf  the  pier  and  the  slit  in  position  angle 
-ij''.  was  in  accord  willi  the  earlier  results.  .\  foiirlJi  s|)ectro- 
grani,  with  slit  in  position  angle  if-f)'.  that  is.  coincident  with 
the  minor  axis  of  the  ellipse,  gave  no  evidence  of  inclination 
of  the  lines. 

The  ends  of  the  lines  corresjwnding  to  the  west  edge  of  the 
nebula  arc  displaced  to  the  violet  with  reference  to  the  ends 
corresponding  to  the  eastern  edge  of  the  nebula.  The  in- 
teqirctation  is,  tl'.at  the  rotation  of  the  nebula  is  carrying  the 
western  edge  toward  us  and  the  eastern  edge  away  from  us. 
The  niaxiniuni  rotational  s]>eed  aiijiears  to  be  at  approximately 
1)  seconds  of  arc  from  the  center  of  the  nebula  and  is  in  amount, 
d  kilometers  per  second.  The  extreme  outer  ends  of  the 
spectrum  lines  do  not  niainlaiTi  ibcir  inclination  at  the  full 
rate,  but  turn  back  slightly.  This  we  inter|iret  to  mean  that 
the  law  of  rotation  is  such  that  the  outer  strata  lag  behind. 

The  measure  of  the  rotational  velocity  siiould  enable  us.  at  a 
later  date,  to  draw  interesting  conclusions  as  to  the  mass  of 
the  nebula,  which  seems  to  be  many-fold  that  of  our  solar  sys- 
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teni.  as  to  the  jjeonietric  fomi  of  the  nebula,  whether  it  is  an 
elliixe  or  an  ellipsoid,  etc. 

Positive  evidence  of  rotational  effects  in  two  other  planetary 
iiclniK-e  have  lieen  secured  to  date,  as  well  as  suspected  evidence 
in  other  cases,  hut  further  announcement  is  delayed  pendinj^^ 
full  confirmation.  W.  W.  Campbell, 

J.  H.  MooRE. 


REVIEWS. 


Publications  of  the  Cincinnati  Ouservatory,  No.  i8. 

The  first  part  of  the  comprehensive  catalog  of  proper  motion 
stars  has  been  issued  by  the  University  of  Cincinnati.  The 
complete  catalog  is  to  include  all  stars  having  a  known  proper 
motion  of  lo"  per  century,  or  greater;  but  exclutliiig  the  stars, 
mainly  of  the  bright  classes,  which  have  been  discussed  for  the 
Preliminary  General  Catalog  of  Lewis  Boss.  This  first  part 
contains  the  stars  in  the  first  six  hours  of  Right  Ascension. 
and  the  remainder  is  to  be  published  as  funds  become  available. 
As  there  are  about  seven  hundred  stars  in  this  part,  we  may 
expect  a  list  of  approximately  three  thousand  in  ail. 

The  Cincinnati  Observatory,  under  the  direction  of  Pro- 
fessor Porter,  has  been  distingiushed  for  proper  motion  in- 
vestigation, and  the  present  catalog,  compiled  with  the  active 
assistance  of  Yowell  and  Smith,  will  make  the  most  complete 
contribution  to  the  subject  up  to  date. 

Nearly  every  important  catalog  of  meridian  circle  positions 
has  been  searched  for  old  observations,  and  with  these  have 
been  combined  the  recent  observations,  made  by  Dr.  Elliott 
Smith,  wilh  the  Cincinnati  instrument,  four  determinations 
of  each  star.  The  star  places  have  been  reduced  to  the  system 
of  .\[JWi;rs.  and  no  corrections  for  maijnitude  equation  have 
been  introduced,  since  it  has  been  assumed  that  such  correc- 
tions would  be  nearly  the  same  for  the  old  and  the  recent  ob- 
servers, and  this  effect  would  l>e  nearly  negligible  for  a  differ- 
ential discussion  of  results. 

The  catalogs  are  divi<led,  for  weights,  into  nine  classes. 
ranging  from  a  weight  of  o.i  to  a  weight  of  4.0.  for  a  single 
observation.  The  weights  of  the  A.  G.  catalogs  fall  in  the 
classes  \T,  \"n,  and  \*fll.  and  Albany  is  given  one  class 
higher  than  Xicolaief.  which  agrees  with  the  respective  errors 
found  in  those  catalogs  by  comparison  with  the  recent  ob- 
servations made  here. 

The  I-ick  Observatory  Catalog  of  Vhzn  stars  is  classed  as 
Vlfl,  an<l  tlic  Zodiacal  Catalog  as  IX.  only  seven  catalogs  out 
of  one  hundred  and  thirty  being  included  in  this  highest  class. 
In  general  a  single  observation  of  one  class  has  been  weighted 
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the  same  as  the  mean  of  two  observations  of  the  next  lower 
clas>.  As  many  as  twenty  authorities  have  been  made  use  of, 
for  some  of  the  stars,  tho  it  is  stated  that  when  a  star  had  been 
many  times  observed,  some  of  the  less  important  catalog  places 
were  not  includetl.  The  deduced  places,  with  the  epochs  and 
the  resjHMTtive  numbers  of  observations,  have  been  tabulated. 
The  inclusion  of  the  magnitudes  would  have  made  the  present 
results  of  greater  interest.  These  will  probably  be  printed  in 
the  final  catalog,  and  one  can  always  look  them  up  in  some 
authority  of  goo<l  weight,  by  referring  to  the  tabulation  now 
published. 

The  Cincinnati  jjositions  are  of  recent  date,  and  the  prompt 
reduction  and  publication  of  the  work  will  be  valued  by  present 
investigators,  and  they  are  certainly  very  creditable  to  the 
small  force  of  astronomers  attached  to  the  observatorv. 

R.  H.  TrcKKR. 

<)ctt»bcr  30.  1915. 


Hlackrurxk's  Taijlks. 

There  are  many  sets  of  tables,  compiled  for  use  in  calculating 
a  ship's  position  at  sea,  in  ad<lition  to  the  standard  works,  such 
as  Hmcditclis  Xaiij^ator,  which  provide  the  essentials,  when 
use<l  in  combination  with  the  Nautical  Almanac.  The  prob- 
lem in  all  these  treatises  is  to  give  methods  that  can  be  em- 
ployeil  without  any  exact  knowledge  of  the  theories  involve<l. 
Xo  study  of  trigonometry  is  required  usually  for  the  ability 
to  calculate  a  ship*s  fxjsition.  tho  every  detail  may  be  said  to 
l>c  basecl  u|X)n  that  science :  and  the  use  of  logarithms  does  not 
imply  any  knowledge  of  the  construction  of  the  logarithmic 
tables,  to  which  the  ship  s  officer  constantly  refers. 

The  tables  calculated  by  Capt.  H.  S.  Hl-xckiil-rne,  of  New 
Zealand,  have  been  designed  for  help  in  some  of  the  problems 
out  of  the  ordinarv  routine,  as  well  as  to  illustrate  the  inac- 
curacv  which  results  from  manv  of  the  usual  metho<ls.  In 
general  they  are  for  the  puqwse  of  combining  two  or  more 
observations,  made  out  of  the  meridian,  and  the  Sun,  Moon,  or 
stars  may  be  observed. 

The  usual  process  on  a  sailing  ship  is  to  get  the  latitude 
from  the  noon  obscr\'ation  of  the  Sun,  and  the  longitude  by 
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coinbination  with  the  morning  "sights."  This  involves,  of 
course,  a  consideration  of  the  nin  of  the  ship  during  the  in- 
terval, which  is  ordinarily  taken  from  the  record  of  the  auto- 
matic log,  trailed  astern.  Few  captains  of  the  old  style  in- 
clude an  afternoon  observation,  which  wonld  add  such  a  good 
check  to  the  earlier  determination. 

My  own  remembrance  of  the  working  of  a  ship's  position 
is  still  clear,  when  as  a  boy  of  fourteen,  with  no  conception  of 
trigonometr>-  as  jet,  1  learned  by  long  practice  to  get  the  ob- 
servations of  the  Sun,  and,  lying  often  on  the  cabin  floor  in 
rough  weather,  with  the  chart  spread  otit,  to  follow  thru  the 
dizzy  processes,  and  enter  the  correct  colnnms  ot  the  assigned 
tables,  and  carry  forward  the  relatively  simple  computations, 
untd  the  pencil  dot  coiild  be  placed  on  the  white  chart,  marking 
ihe  place  of  the  ship  at  noon.  It  was  my  introduction  to 
astronomy,  and  it  has  been  a  pleasure  since,  on  steamship  voy- 
ages, to  take  up  some  of  the  details  again,  and  ampHfy  the  I 
methods,  with  some  understanding  of  what  we  were  driving  at.fl 
Modern  steam.ship  officers  do  much  more  thoro  work;  thftj 
afternoon  sights  of  the  Sun  are  generally  obtained  when  po&- 
^ililc,  and  it  is  (juite  usual  to  add  the  observations  of  the  bright 
stars  near  twilight  to  strengthen  the  results. 

On  one  voyage,  running  north  for  \cw  York.  1  think  we 
employed  every  method  l»y  star  observation  that  the  available 
books  on  navigation  could  furnish. 

The  chief  engineer's  record  is  also  valuable  to  get  the  place 
by  "dead  reckoning."  since  the  number  of  revolutions  of  the 
screw  under  normal  conditions  of  loading,  and  of  weather, 
gives  a  good  check  upon  the  distance  run.  Also,  on  a  steam- 
shii».  the  <lead  reckoning  is  nnich  simpler  than  on  a  sailing 
vessel,  as  the  course  may  he  run  unchanged  by  variation  in  the 
wind.  Only  the  force  of  the  wind  need  Ije  taken  into  account. 
r'T„u;Kiu:RNK  lays  stress  upon  these  extra  meridian  observa- 
tions, and  refers  to  three  wTccks  of  steamers  in  three  years 
that  might  have  been  avoided,  had  every  opjiortunity  been  em- 
ployed for  determining  the  jjositiou  of  the  ship. 

.\  single  star  altitude  out  of  the  meriilian  can  give  an  ap- 
proximate   position,    when    combineil    with    the    chronometer 
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lonj^tude.     Hut,  of  course,  several  stars  will  combine  to  p^ive 
hi;:her  precision,  and  the  requisite  checks. 

In  i>a>sin.ii:.  it  may  be  said  that  seamen  are  apt  to  exi>ect  too 
trreal  accuracy  for  the  sinjjle  cletermination :  the  fact  that  sev- 
eral officers  will  obtain  jjfood  ag^reement  from  their  simultaneous 
<i!*servations  of  the  Sun  is  misleadinj^,  since  the  presence  of 
>y*»icinatic  errors,  that  may  affect  all  the  determinations,  is  not 
often  recoj;nized.  The  combined  result  may  n^ive  the  position 
i4  the  >hip  within  a  probable  error  of  three  miles,  aufl  that 
*«houlfl  l)e  considered  fairly  p;ood  work. 

Sr mnf.r's  metho<l  of  obtainini^  a  |X)sition  by  two  observa- 
tions i<  much  recommended,  by  the  author  of  these  tables. 
I'he  practice  of  employin*^  it  mainly  in  the  hij^h  latitudes,  while 
general,  could  Ik*  much  extended :  and  instances  are  quoted  of 
>ati^factorv  results  in  the  low  latitudes,  bv  observations  which 
were  carefully  chosen  to  j^ive  the  proper  "cut"  for  the  two 
]H>^ition  lines,  whose  intersection  j^ives  the  ship's  place  on  the 
chart. 

The  tables  include  those  for  tindinj.;^  the  hour-anj^le  and 
a/inuith  from  the  altitude.  azi!iiuth  from  the  altitude  with 
latitude  known,  and  auxiliary  tables  for  Si'.mnkr's  method. 
AH  apiiear  to  l>e  carefully  and  thoroly  calculated. 

The  error  in  time  and  latitude,  produced  by  assumed  errors 
in  the  observations,  are  also  discussed  and  t.ibulated.  These 
details  should  be  considered  by  navij^ators  of  the  modem  type, 
who  jjive  some  thot  to  their  work  beyond  the  mere  routine. 
When  all  is  said  and  done,  the  careful  captain  wants  a  keen 
liM)kout  on  <luty,  when  his  calculations  lead  him  to  exi>ect  a 
landfall. 

.\  pretty  illustration  of  navijjation  was  furnished  when  the 
Cunard  ship  Pannonia  ran  270  miles  out  of  her  course  by 
wireless  call  to  rescue  the  Spanish  steamer  Balmes,  on  fire, 
northeast  of  the  Bennudas.  Each  jxjsition  was  evidently  well 
fixe<l.  for  the  Pannonia  swunp;  off  at  midnight,  and  ran  till 
<ieven  the  following  ni^ht,  when  the  mast-head  lijirht  of  the 
Balmes  was  picked  up.  only  half  a  jwint  off  the  course :  the  flare 
from  the  distressetl  vessel  following  our  mast-head  hail  by  not 
over  a  quarter  of  a  minute.  The  last  twilip:ht  observations  had 
been  reduced,  and,  actually,  the  slight  error  in  these  had  in- 
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dicated  a  small  change  of  our  course,  which  nearly  accouiilei! 
for  the  half  point  of  deviation. 

With  our  modern  big  ships,  and  the  expertness  of  those  who 
control  them,  every  help  to  accurate  navigation  on  the  broad 
ocean  will  be  welcomed,  and  sailors  and  landsmen  should  be 
grateful  for  the  benefit  such  tables  may  lie  to  the  navigator. 
R.  H.  TucKKS. 
November  I,  1915.  

An  Introduction  to  the  Study  or  Variable  Stars.' 
In  honor  of  the  fiftieth  anniversary  of  the  founding  of  Vas- 
sar  College,  a  collection  of  notable  vohimcs  is  being  published 
by  Vassar  Alumnse.  Miss  Furness's  Introduction  to  the  Study 
of  Variable  Stars  is  one  of  these,  and  if  it  is  typical,  Vassar 
College  has  reason  to  be  proud  of  the  series. 

The  work  is  "the  outcome  of  several  years  of  teaching  the  sub- 
ject," and  its  purpose  and  scope  are  well  suggested  by  its  title. 
It  is  not  a  comprehensive  treatise  such  as  the  one  now  being 
published  by  Father  Hagen  (Die  Veninderlichc  Sterne),  but 
is  a  general  introductory  book  (the  only  one  published  in  the 
English  language)  wiiich  is  suited  to  the  needs  of  teachers 
wisliing  to  present  the  sTi])]cct  of  variable  star  study  to  a  class 
in  a  practical  way.  and  to  amateurs  wlio,  without  special  train- 
ing in  astronomy,  wisli  to  make  their  observations  of  the  stars 
of  scientific  value.  It  should  also  appeal  to  the  general  reader, 
for  it  contains  a  great  amount  of  interesting  information  put 
into  language  that  is  clear  as  well  as  precise. 

The  earlier  chai>ters  of  the  book  deal  not  only  with  the  sub- 
ject of  stellar  variation,  but  with  a  variety  of  other  topics. — 
the  ]»rinciplcs  of  spcctnim  analysis,  star  charts  and  catalogs, 
both  visual  and  photographic,  the  early  history  of  stellar  mag- 
nitude, the  principles  of  polarized  light,  upon  which  many 
photometers  are  based,  etc.  The  treatment  of  tlicse  questions 
is  avowedly  not  comprehensive,  but  eiuif  is  said  to  give  the 
student  the  knowledge  needed  to  understand  the  application  to 
the  subject  of  variable  stars.  Furthcnuorc,  reference  is  always 
made  to  books  accessible  in  any  good  library  wherein  these 
matters  may  be  studied  in  more  detail. 
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The  chapters  dealing  directly  with  the  variable  stars  of 
different  classes,  the  methods  of  their  observation,  the  founda- 
tion of  light  scale,  the  mean  light  curve,  the  calculation  of  the 
elements,  and  the  prediction  of  the  maxima  and  minima  from 
the  elements  show  that  Miss  Furness  is  a  trained  observer  as 
well  as  a  practical  and  successful  teacher.  The  treatment  is 
full  and  clear  and  the  illustrative  examples  are  given  in  suffi- 
cient detail.  The  instructions  given  for  the  benefit  of  the  ob- 
ser\'er  naturally  relate  almost  entirely  to  visual  observations, 
made  without  the  use  of  photometers,  for  the  observer  who  has 
a  Zollner  or  wedge  photometer,  and,  still  more,  the  one 
eijuipped  to  carry  on  photographic  observations  may  be  as- 
sumes! to  have  had  .special  preliminary'  training. 

The  book  is  remarkably  free  from  errors  of  any  kind,  prac- 
tically no  typographical  errors  and  only  one  statement  that  may 
be  misleading  being  found  in  a  rather  careful  reading.  This 
statement  is  the  one  on  |>age  49  that  **The  southern  survey  of 
the  heavens  has  been  extended  to  declination  — 42°  under  the 
direction  of  Professor  Perrine  at  the  Cordoba  Observatory 
.  .  ."  Of  course.  Dr.  PERRir*E.  the  present  director,  is  ener- 
getically carr\'ing  on  this  work,  but  the  Cordoba  D.  M.  was 
planned  by  Dr.  Gould,  and  carried  to  —  52°  by  the  late  Dr. 
Thome,  under  whose  direction  also  the  maps  to  — 42°  were 
issue<l  in  1^3.  A  new  edition  of  these  maps  has  recently  been 
i>sued  by  Dr.  Perrine  and  this  probably  accounts  for  the  slip. 

R.  G.  .\lTKE.V. 
NovcnitxJT  15,  1915. 


GENERAL  NOTES. 

The  Melbourne  Observatory. — Private  letters  received  at  the 
Lick  Observatory  confirm  the  reports  in  the  Australian  papers 
that  Mr.  P.  Baracchi,  State  Astronomer  of  N'ictoria.  resigned 
his  position- in  August  of  the  present  year.  It  is  now  stated  in 
Nature,  on  the  authority  of  the  .■ige  (Melbourne),  that  "no 
successor  is  to  be  appointed,  the  State  Government  having  de- 
cided to  drop  the  work,  thereby  saving  upwards  of  400o£ 
annually." 

We  join  heartily  in  the  hope  expressed  in  Satitre  that  "some 
scheme  of  Commonweahh  control  will  be  evolved  before  it  is 
too  late."  It  will  be  recalled  that  the  Commonwealth  of  Aus- 
tralia at  the  time  of  its  formation,  took  over  the  meteorological 
departments  of  all  the  States,  but  left  the  astronomical  ob- 
servatories under  state  control.  More  recently  the  Common- 
wealth Government  has  set  aside  a  tract  of  land  on  Mt.  Stromlo, 
at  Canberra,  the  federal  capital,  zs  the  site  of  a  Commonwealth 
observatory,  and  has  erected  a  building  to  shelter  the  g-inch 
Oddie  refractor  fpresented  by  the  late  J.  OnniE.  of  Adelaide). 
Mr.  P.  P.ABACCHi  and  his  chief  assistant.  Dr.  J.  ^l.  llALnwis. 
have  made  freinicnt  visits  to  Mt.  Strnmlu  lo  lest  the  ^iritability 
of  the  vjic.  ;uid  tiicir  roiKirl^  -how  that  the  cnndition^  there  arc 


\\"c  regret  to  rccoiil  the  death,  on  (H-tolier  8.  11)15,  of  Mr. 
TuiiMAS  C.wvTiiHii.v.  of  Xclsou.  \cw  Zealaoil,  at  the  age  of 
S2.  Mr.  CAWTTimix  accumulated  a  large  fortune  in  the  ship- 
ping business,  and  of  late  years  drew  ujinn  this  with  the  great- 
est liberality  to  benefit  tlic  city  of  Nelsim,  By  the  terms  of  his 
will,  executed  in  I-on<ion  in  [''102.  the  greater  part  of  his  estate 
is  left  in  trust  for  "the  |nirchase  of  land  and  the  erection  and 
maintenance  of  an  industrial  and  technical  school,  institute  and 
museum  to  he  called  the  Cawthron  Institute."  This  is  to  be 
located  at  Xdson. 

M  this  writing  it  is  Tmccrtain  wliat  effect  Mr.  C,\WTnRON's 
death  will  have  upon  the  plans  for  the  Cawthron  Solar  Ob- 
servatory, for  the  founilation  of  which  he  had  offered  a  gift  of 
£30,000.     Recent  advices  indicate  that  legal  difficulties  were 
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delaying^  the  pnirchase  of  the  site  that  had  been  selected  and 
the  con*itruction  to  it  of  a  suitable  road.  It  was  hoped  that 
these  difticulties  would  be  cleared  by  early  Sei)teml)er,  and  that 
Mr.  C'awthron  would  then  sijjn  the  trust  deed.  If  he  did  not 
i\o  ^n,  the  fate  of  the  solar  observatory  would  seem  to  dejKrnd 
u\Hm  the  provisions  in  the  will  for  the  Cawthron  Institute.  In 
this  event,  astronomers  the  world  over  will  hope  that  these 
provisions  arc  broad  cnuf  to  jxjnnit  the  trustees  to  carry  out 
the  a<lmirable  ])lans  that  have  Ix^en  made  for  the  observatory. 

R.  G.  A. 


Another  Canadian  Observatory  Projected. — Some  time  aj^^o 
a  ]»rc»jcct  was  Ix^^un  by  the  Royal  Astronomical  Society  of 
<  anacla  with  the  object  of  securinj^  an  astronomical  observatory' 
f<»r  Toronto.  It  was  pro|K)scd  that  the  city  provide  a  suitable 
^itc.  the  Tniversity  maintain  the  institution  and  the  Society  use 
it  a^  itN  headquarters  an<l  maintain  its  library  there.  The  I'ni- 
ver>ity  cordially  su])])ortecl  the  scheme  and  the  city  aij^rced  to 
ifive  a  splen<lid  site  in  a  ten-acre  park.  Prospects  were  ex- 
cellent for  the  projwsal  to  l>e  carrie<l  to  completion,  but  the 
!>reakinj^  out  of  war  put  a  tem|)orary  check  to  it. 

I  lowever.  the  Society  c(»nsidercd  it  wise  to  j^^et  sketch  plans 
of  the  buildinjT^  drawn  and  to  invite  suj^^^t^estion  and  criticism. 
These  plans  show  a  buildini^  in  the  sha|x?  of  a  T,  havinp^  a 
jrvinch.  a  c)-inch  and  a  photo-telesco]>e  at  its  extremities.  -\ 
fine  lecture  hail  and  library  as  well  as  office  and  laboratory 
rrxMus  are  provided. 

It  is  ho]>ed  that  such  an  a<imirable  project  may  not  l>e  too 
lonjj  <lelayed.  

It  is  stated  in  Science  that  Miss  M.\rg.\ret  II.xrwood,  who  is 
s|Hrnc!inj]^  the  present  academic  year  in  study  at  the  I'niversity 
of  California,  as  research  fellow  of  the  Nantucket  Maria  Mit- 
chell Association,  has  l)een  a])]>ointe<l  for  an  indefinite  tenn, 
fellow  of  this  .Association  and  director  of  its  observatorv.  Her 
new  vear  at  the  Xantucket  (Observatorv  will  becfin   lune   i^. 

It  i**  also  stated  that  a  $500.00  Maria  Mitchell  fellowship  for 
research  work  at  Harvard  Colleg^e  Observator)*  will  l)e  avail- 
able for  the  three  years  i(>i6-iQio. 
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Science  records  the  death,  on  October  17,  1915,  of  the  Rev. 
Father  Chables  M.  Charroppin,  S.  J.,  formerly  head  of  the 
Department  of  Science  of  St.  Louis  ITniversity,  and  known 
especially  for  his  astronomical  work. 


Rev.  Father  M.  Selga,  S.  J.,  who  spent  the  year  1914-15  at 
the  Lick  Observatory  as  a  special  student,  has  gone  to  Manila, 
P.  L,  to  take  charge  of  the  astronomical  (Icpanment  of  the 
Manila  Observatory. 


It  is  reported  that  Professor  Hugo  vtj.v  Sf.euger,  director  of 
the  Munich  Observatory,  has  been  made  a  Knight  of  the  Prus- 
sian Order  of  Merit,  and  that  Professor  J.  C.  Kapteyn,  of 
Groningen,  Holland,  has  been  appointed  a  I'"orcign  Knight  of 
the  same  order. 


Nature  records  the  death,  on  August  31.  1915,  of  Dr.  Theo- 
DOR  Albrecht,  chief  of  the  International  Bureau  for  Investi- 
gating Latitude  Variation  since  its  inception  in  1S08. 

Spectral  Classification  of  Situs  ami  ihc  Order  of  Stellar 
Evolution. — A  discussion  on  this  subject  was  held  at  the  Man- 
chester meeting  of  the  llritish  Association,  Section  A.  on 
September  9.  1915,  in  which  Professor  Fowler.  Sir  F.  W. 
Dvso.^.  Professor  Eixun^jton,  Father  Cortir.  Professor 
NicHOi.sox.  Mr.  T.  R.  Michtox.  Sir  Ermcst  Rutherford,  and 
Dr.  F.  .\.  LiNnE.\i.\NN  participated.  Their  arguments,  which 
should  l)c  read  by  all  interested  in  the  subject,  are  given  in 
The  Obsen-atory  for  October,  1915. 

President  I'ickkiu.m;,  of  llie  .\inerican  .\stronomical  So- 
ciety, has  appointed  Professor  ,'^.  D.  Townle^v  (Chainnan). 
Mis's  Annik  j.  CwNoN,  and  Professor  II.  \.  Russf.ll.  to  act 
as  a  committee  to  consider  the  revision  of  the  nomenclature  of 
variable  stars.  Dr.  Townlmv's  paper  on  this  subject,  which 
led  to  the  appointing  of  the  committee,  i';  printed  on  another 
page  of  this  number  of  the  Publications. 
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The  excaitive  committee  of  the  American  Astronomical 
SiKTiety,  on  the  invitation  of  Professor  John  A.  Millkr,  has 
«kci<Ie<l  to  hold  the  next  meeting  of  the  Society  at  Swarth- 
more.  Penn.,  in  August,  1916. 


Small  Tclrscof*c  for  Sale. — A  Harris  telescope  of  2'/»  inches 
a]KTture.  hrass  tube  and  low  brass  tripod,  all  enclosed  in  a 
wcKxlen  box.  is  offered  for  sale  at  $20.00  bv  Miss  Gertrude 
H.  Carlton,  730  Nineteenth  St..  Oakland.  Cal.  Several  as- 
tronomical Ixjoks  of  |)opular  interest  are  included  in  the  offer. 
Such  a  telesco|)e  could  be  made  verj-  useful  in  the  observation 
of  variable  stars. 


Science  each  year  prints  a  list  of  the  doctorates  conferred 
by  American  universities.  In  the  list  printed  in  the  number  for 
<  k:tol)er  22,  i<>i5.  we  find  that  seven  doctorates  were  conferred 
in  astronomy — three  by  the  University  of  Chicago,  two  by  the 
University  of  Michigan,  and  one  each  by  the  Universities  of 
Pennsylvania  and  California.  In  the  eighteen  years  over 
which  the  records  extend.  71  doctorates  have  l)een  conferre<l 
in  astronomy  out  of  a  total  of  3095  in  all  of  the  sciences. 

MiMTES    OK    THE    MeETINC.    OF    THE    r>OARI)   OF    DIRECTORS    OF 
THE  .A.STRONOMIfAI-  S<K  lETV  OF  THE  PAC'lFir.  HeLI>  IN  THE 

Rooms  of  the  Sktietv.  752  Phelan  IUiumnc.  San 
Francisk).  on  SATrRi>AV,  Nov.  2j,  i(>i5,  AT  2  :oo  V.  M. 

There  were  present  the  following^ : — 

President  R.  (j.  .Aitkk!*  and  Directors  CrsHiNi;.  Cosr\.  Chrnish. 
I.rr^iH.Njjt.  BiRiKHAi.TKR.  TdWNLEV.  Markwart  an<l   Rk'harhson. 

The  attention  f>f  the  licurd  was  directed  to  the  fact  that  a  pniposi- 
lion  had  Ix-en  made  to  the  Society  by  tlie  First  l'e<leral  Tnist  Company 
of  San  Franci>cr>.  to  take  from  the  Society  its  First  MortKajje.  (y^  Gold 
R«»nd.  N'o.  144.  issued  by  the  Mouhon  Irrigated  I-ands  Company,  and 
in^e  ihcrcfi>r  a  new  hwmd  in  e<|nal  amount  and  interest,  together  with 
J  honti*^  of  $10. 

"The  matter  having  In'en  invesiigatc<l  l)y  the  Finance  Committee  and 
favorably  rcporte*!  upon,  a  res<»liition  wa'*  passed  authorizing  the 
l**ifiancc  Committee  to  make  the  exchange.  Discretion  was  left  in  the 
hands  <if  the  Committee  either  to  accept  a  lM>nd  of  the  new  issue  of  the 
Monlton  Irrigated  l^nds  Company,  in  lieu  of  the  one  now  held,  or  to 
make  a  cash  sale  of  Bond  N\».  144  at  a  price  ef|ual  to  par  phis  the 
pnmir.m  offered  by  the  First  Federal  Trust  Company. 
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The  Secretary  read  a  communication  from  (he  Second  Vice-President 
of  the  Pacific  Gas  and  Electric  Company  of  San  Francisco,  inviting 
the  Society  to  quote  a  price  for  Its  Bay  Counties  Power  Company  S% 
bonds  which  are  due  September  I,  1930.  The  Board  decided  by  unanim- 
ous vote  tliat  if  did  not  care  to  dispose  of  these  securities. 

There  being  no  further  routine  business,  tlie  Board  then  resolved 
itself  into  a  Special  Meeting  for  the  purpose  of  considering  the  Award 
of  the  Bruce  Gold  Medal  of  the  Society  for  the  year  1916. 

In  addition  lo  the  nine  raemlwrs  iiresenl.  whose  names  are  given 
above,  Secretary  R(chahdson  held  the  proxies  of  Directors  W.  W. 
CAMPBinj,  and  \Vm.  H,  Crocker. 

Nominations  were  read  from  the  six  Observatories  which  act  in  afl 
advisory  capacity  under  the  statutes  whidi  govern  the  award  of  the 
Bruce  Medal,  and  a  general  discission  followed,  A  ballot  was  then 
taken  which  resulted  in  the  unanimous  selection  of  Professor  Georcb 
E.  Halk,  Director  of  the  Mount  Wilson  Solar  Observatory,  as  the 
Bruce  Medalist  for  the  year  igi6. 

Adjourned. 

D.  S.  Richardson,  Secretary. 


MiMTics  oi-  Till-:  Rixl:i,.\k  Meictinc;  oi--  thk  .\sthonomic.m. 

SlUlKTV    OF  THiL   P.\CI1"IC,    HkI.II  .\T   ClIAItOT  ObSKRV- 
.\TnRV,  OaKL.\N1),   O.N    S.\TL"R1MY.    XoVEMUF-R 

27.  1915,  .\r  8:00  p.  M. 

After  a  brief  statement  by  Mr.  Bitrckhm-ter  on  the  progress  made 
ill  the  construction  of  the  new  Chabot  telescope  and  observatory,  Mr. 
W.  F.  Meyer.  Astronomer  in  Charge  of  the  International  Latitude  Ob- 
servatory at  Uki.-ih,  Cahforni.i.  lectured  on  the  subject:  "Recent  Re- 
sults of  the  Inleriialioual  Latitude  Observatories." 

Mr.  Meyrr.  besides  iK-ing  an  observer  actively  engaged  in  this  work, 
has  made  a  careful  study  of  history  of  the  investigations  relating  lo  the 
variation  of  Icrreslrial  latitudes.  His  address  gave  his  hearers  an  ex- 
cellent account  of  the  phenomena,  and  the  l.iws  underlying  them,  as 
well  as  of  the  methods  of  observation. 

It  is  feared  that  the  war  m.iy  interfere  with  the  cooperative  plan  of 
observation  which  has  been  in  effect  for  the  p.Tst  fifteen  years  to  such 
an  extent  as  to  close  some  or  even  all  of  the  lalitudc  stations.  The 
.Astronomical  Si>ciety  of  the  Pacific  joins  with  astronomers  generally 
in  the  hope  ihal  muans  m.iy  he  found  to  prevent  this  unfortunate  in- 
terriiption  lo  an  importaiU  investigalifin, 

P.  S.  RTCii,\RnsoN.  Secretary. 
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CoftxiSH.  Mr.  Frank  V U'nderw<>o<l    Bldg..    San    Fran- 

i      CISCO,  Cal. 

Cn^TA    Mr    I  \  -46  Montgoincrv  St..  San  Fran- 

<      CISCO,  Cal. 

CRAwrotD.  Prof.  Russell  Tiacy  . . .  ^  Students'  Observatory.  Berkeley 

(      Cal. 

Cunningham,  Miss  S.  J 107  .\.  34th  St.,  Philadelphia.  Pa. 

Cltitis.  Prof.  Hebex  D ^  ^*<^^  Obser\'atory,  Mount  Hara- 

(      ilton,  Cal. 

HiBMTiiii  pHYsiiwL  Servue  Dawawin  P.  O..  Cairo.  Kgypt. 

1>>HFRTY,  R.  L.  Palmyra,  Mo. 

DoNOHoc.  Mr.  J.  A <  ^     P.    Donohoc- Kelly   Banking 

I      Co.,  San  Francisco.  Cal. 

Dyer    Mr   Erve^t  I  i  231  Mills  Bldg..  Care  Union  Oil 

(     Co.,  San  Francisco.  Cal. 

Edwards,  Prof.  George  C 2546  Dana  St.,  Berkeley,  Cal. 

FiN\R."*>ON    Dr   Sti'rla  (  Students*  Obser\-atory,  Berkeley, 
*       *  '              i      Cal. 

Folerman.  Mr.  Ferdinand ^  Solar  Obser\'atory,  Mount  Wil- 

I      son.  Cal. 

EvESSHED.  Mrs.  John  ^  ^^^    Observatory,    Kodaikanal, 

I      South  India. 

Galloway.  Mr.  J.  D 1500  Euclid  Ave.,  Berkeley,  Cal. 

Geldern.  Mr.  Otto  von *  865  Pacific  Building,  San  Fran- 

I      CISCO,  Cal. 

Glancy    Miss  EsTELLE  ^  National  Observatory,  Cordoba, 

i      Argentina. 

GoLTJ).  Mr.  Elwyn  B 808  Juniper  St.,  San  Diego.  Cal, 

GR^Y.  Dr.  Eldward Eldridge.  Cal. 

Hayxes,  Dr.  E.  S Smith  Observatory,  Bcloit,  Wis. 

Hearst.  Mrs.  Piiebe  A \  "5?7^    ^^^«-    San    Francisco. 

c      Cal. 

Heredia.  Rev.  G.,  s.  j..  fras \  Colcgio  del  Velodromo.  Puebla, 

i      Mexico. 

Hoochead.  Mr.  Beverly  L. ^  Holbrook  Bldg..  San  Francisco, 

(      Cal. 

Howe.  Prof.  Chas.  S..  f.R-a.s Case  Observatory,  Cleveland,  O. 

Jaynes.  Mr.  Frank   ^  160  West  Clay  Park.  San  Fran- 

i      Cisco.  Cal. 

Kapteys.  Prof.  J.  C ^  Astronomical  Laboratory.  Gron. 

i     ingen,  Holland. 

Larkin.  Prof.  Edgar  L. I  Director  Mount  Lowe  Obscrva- 

I      tory.  Echo  Mountain,  Cal. 

LiNsufv.  Prof.  Earle  G 3732  Emerson  St..  Oakland.  Cal. 


Publications  of  the 


SCHNER.  Prof,  A,  O,.  F 
LiETz,  Mr.  Adolph  


)  Director  Students'  Observatory. 

■  ■  t      Berkeley,  Cal. 
( 633  Commercial  St.,  San  Fran- 

■  ■  I     Cisco,  Cal. 

(  Care  J.  A.  Brashear,   1954  Per- 
LuDEWiC.  Mr.  W.  R j      ryville  Ave,,  Pittsburgh,  Pa. 

Lyxch,  James  K.  j  ^'^'f^'^^^'i^"''^'  ^^"'''  ^^"  ^"'" 

Manson,  Mr.  MAttsnEN.  c.e„ph.d-...  }  Koom  801,  4  Montgom. 

I      San  Francisco,  Cal. 

Mabkwart,  Mr.  A,  H 377  Palm  Ave.,  Oakland,  Cal. 

Martens,  Mr.  Febpinanii  i8og  Euclid  Ave.,  Berkeley,  Cal. 

Mever.  Mr   W    F        .  .    .  '  International  Latitude  Observa- 

I      tory.  Ukiah,  Cal. 
MoFFiTT,  Mr.  James  K.  (  ^"f^  Naijonal  Bank.  San  Fran- 


■  I 


MoNCK,  Mr.  W.  H.  S..  f.b.a.s. 
MooKE,  Dr.  J.  H 

MoasE,  Mr.  Fremont,  i".  s.  c.  1 

MuKuocK,  Mr.  C.  A 

Mavlor.  Mr.  ALFBEti  S 

McAdie,  Prof.  A.  G 

McEnerney,  Mr,  G.^bhet  W. 
McNeill,  Prof.  Malcolm  ... 


.  Cal. 

17  Clyde  Road,  Dublin,  Ireland, 
( Lick    Observatory,    Mt.   Hamil- 

■  (      ton.  Cat, 

R  I  U.  S.  Coast  and  Geodetic  Sur- 

■  I      vey,  Manila,  P.  I. 

(2812  Sacramento  St.,  San  Fran- 

■  (      Cisco.  Cal, 

,     Oak  Harbor.  Wash, 
( Blue    Hill    Observatorv,    Read- 

■  )       viUe.  Mass. 

1  1277  Flood   Bldg,,   San  Franeis- 

■  (     CO,  Cal. 

.     Lake  Forest.  111. 


Newkirk,  Dr.  B,  L 

(  '^19  K>scx   St..  S.    !■„   Miime- 
■■■"(      apoh-,  Minn. 

N00RDHOFF,   Mr.   P 

Groeningcn,  Holland. 

(  23-    Brodcrick    St.,    San    Fran- 

Paddock.  Mr,  George  FRfDERiCK 

1      Cisco,  Cal. 
_.,J63     Governor     St„     Providence, 

Parfiee,   Hon.  Georce  C 

....     Oakland.  Cal. 

Phfxan,  Hon.  J,^MEs  D 

. . .    1  M,  Phckm  BidK.,  San  Frnucisco, 

Pierson,  Mr  Lawrence  H 

1  Paciric  Pine  Co.,  San  Francisco, 
■■■■J      Cal. 

Post,   Mr.  Cihrles  A.,  fr.a.s.. 

t  r.jsi  Bldg..  If)  .ind  18  Kschange 
'"  t      riace,  X<.-«'  York.  N.  Y. 

pRF.i,-ss   &   JOn-okr    

I   Ring  52.  Breslau.  Gcrmanv. 

PiCKF.BIKC,    Prof.    EC 

1  Harvard     College     Ol-servatory. 
■  /      Cambridge,  Mass, 

R..s>EM'.   Mnn^.  r,EOK..f:^ 

,  , . .     6  Riic  Richelieu.  Odessa.  Russia. 

RicARU,  Rev.  J,  L.,  s.j 

....     Santa  Uara,  Cal. 

Richardson,  Mr,  Daniel  S.   . . . 

....(2541     Hilgard    Ave.,    Berkeley. 
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R<''BiBT5.  Mrs.  Isaac,  d.  sc 

RooGEBs,  Mr.  £.  D 

Sandcbs.  Mr.  Mobgan 

SCHWIEBS,  Mr.  LUDWIG 

Seabes,  Prof.  Fbedebick  H 

Seablf.  Rev.  Geobge  M.,  cs.p 

Sru;  \.  Prof.  M.,  S.  J 

Snydeb.  Prof.  M.  B..  p.b.a.s 

SrFM>B,  Mr.  Geobce  Otis 


Si'BECKELs.  Mr.  Rudolph 
Stanhibd.  Miss  Gebtbude 


Falhot.  Mr.  C.  F.  A 

TAi'LBrT,  Mr.  Anthony  S. 

TowNLEY.  Prof.  S.  D 


TccKEB.  Prof.  R.  H. 


TfBXEB.  Dr.  Arthur  B. 
ViLLIOEB.  Dr.  W 


\Wbneb  &  SwASEY  Co..  The 

\V«or»M\x,  Rev.  Ci-aren(T.  K.. 
-rn..  PH.n.,  litt.i*.,  i.l.i». 

ZiTL.  Mr.  F.  R 


•  ••••• 


Chateau  Rosa  Bonheiir.  By 
Thomery,  Seine  et  Marne, 
France. 

Boulder  Creek,  Cal. 

1419  West  Lanvale  St.,  Balti- 
more, Md. 

Lower  Lake,  Cal. 

Solar     Observatory,     Pasadena, 

ai. 

Newman  Hall,  Berkeley,  Cal. 

Observatory  of  Manila,  Manila, 

P.  L 
Director    of    Philadelphia    Ob- 

ser\-atory,  Philadelphia,  Pa. 

The  VirR:inia,  Rush  and  Ohio 
Sts.,  Chicago,  111. 

1400  Pacific  Ave.,  San  Francisco, 
Cal. 

Warm  Springs,  Alameda  Coun- 
ty, Cal. 

Redwood  City,  Cal. 

Mission  City.  B.  C. 

P.  O.  Box  815,  Stanford  Uni- 
versity, Cal. 

Lick  Observatory,  Mount  Ham- 
ilton, Cal. 

Montclair,  N.  J. 

Care  of  Carl  Zeiss;  z.  Hd.  Dr. 
M.  von  Rohr,  Jena,  Germany. 

Kast  Prospect  St..  Cleveland.  O. 

Newman  Hall.  2630  Ridge  Road, 
Berkeley,  Cal. 

607  Merchants  Exchange  Bldg., 
San   Francisco,  Cal. 


INSTITUTIONAL   MEMBERS. 

Califobnia  State  Library  Sacramento.  Cal. 

Daniel  Scholl  Obsebvatory <  Franklin  and   Marshall  College. 

I      Lancaster,   Pa. 

Field  Memorial  Obsebvatory  \  Williams  College,  Williamstown, 

I      Mass. 

Impebial  Obsebvatoby ^  University    of    St.    Petersburg. 

(      Russia. 

LiBBABY  OP  THE  Chabot  Obsebvatoby    Oakland,  Cal. 

Library  of  the  I'xivfji.sit^*  of 

MiNNr.<oT.\    .Minneapolis.  Minn. 

LlRB^RV   OF  THE  UNIVERSITY  OF 

(.>RU4iN   Kugenc.  Oregon. 


S  Puhlications  of  the 

LlBRARV  OF  THE  LeIAKD  STANfOHD  Jh. 

UNtVESSiTY    Stanford  Uni\-ersity,  CaL 

Library  OF  THE  LrcK  Obseuva TORY. .,     Mount  Hamilton,  Cal 
LiBBARV  OF  THE  Mechanics  Institute    3?  Po-'t  St.,  San  Francisco.  CaJ. 

Library  of  Pbikceios  Uni\"E8sitv  . .     Princeton,  N,  J. 

Library  OF  St.  IcNATiL-s  College....  (  221  i  Hayes  St.,  San  Francisco. 

Library  U.  S.  Military  Academy..  .(Care  Qnartcrmaster,  \Ve;t  Point. 

Library  of  the  University  of  Cali- 
fornia       Berkeley,  Cal. 

Librabv  of  the  University  of 

Illinois   University  Station,  Urbana,  III 

LjBHARV  OF  THE  University   op  In- 
diana         Bloomington,   Indiana. 

Library  of  the  University  of  Mich- 
igan       Ann  Arbor,  Mich. 

Library  of  the  Univehsitv  of  Ne- 
braska        Lincoln,  Neb. 

Library  op  the  Ukivekshv  of  Penn- 
sylvania      Philadelphia.  Pa. 

Library  of  the  Uniitrsity   of 

Washington  Seattle.  Wash. 

Library  of  Yale  University New  Haven,  Conn. 

LiBBAKv  OF  SwAHTHMUKK  COLLEGE Swiirtfimore.   Pa. 

LlliKAKV   OF   THE   U.N1V,:KMTV   OF   KaK- 

SA.=i  Lawrence.   Kas. 

Lowell  Ouservatohv Fbg.-laff,  .Ari?. 

New  York  Puulil-  Lira  \t(v  '  J'^     ^^^     '^'■'^  ■     -"^'^'v     Vork. 

(      N.  Y. 

Oakland  Fkf.e  Pcblic  Linit\RY Oakland,  Cil. 

Si;attle  PwiLfC  LiKHAKv Seattle,  Wnsh. 

SiiATTUCK  Observatory  i  D.TrtmoiUh     College,     Hanover. 

(     N.  H. 

Smith  Collegk  LniRAFV  Xorth.implon,  Mas?, 

SnriETY  OF  AMATiOi-R  AsTBos-oMERS      (47   Mjsf mitzkaja,  Moscow, 

i      Russia. 
The  Astronomer   (Union    Observatory,    Johannes- 

I      berg,  Transvaal. 

The  Johs  Crerar  LinHARv  Chicago.  111. 

The  PcDLic  LiiiRARV  Boston,  Mass. 

The  Public  Library  Los  Angeles,  Cal. 

Washingto.v  Umvfhsitv  Liiib\ky  ..     St.  Louis,  Mo, 
l.riiRMiv  or  Wesif.van   I'simw-itv,.     Mirlrllctoivn.  Conn. 

l.ij,kM;v  of  Wellk-lvv  College Wcllc=lcv,   Mass. 

r  „.u,i,^-  „,.-  ii„,„,-  |-v„..o  ,..,-  JEast  Sicio  Station,   Providence. 
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Albany,  New  York,  Dudley  Obscr\ator>'. 

Arcquipa,  Pcni.  Southern  Station.  Harvard  College  Observatory. 

Allegheny,  Pennsylvania,  Allegheny  Observator>'. 

Arni;iKh.  Ireland,  Armagh  Ohser\'atory. 

HamWrg.  Germany.  Rcmeis.-Stcrnwart. 

!UTKcd«»rf.  Gormnny.  Hamburger  Sternwarte. 

iicrlin,  Germany.  Konigl.  A^tronomi^che*  Rcchcninstitnt. 

Berlin.  Germany.  K<»niglichc  Sternwarte. 

Hnis^U,  Relgitmi.  Bibliothcque  de  la  S(>cic:c  Bclgc  d'Astronomie,  27 
Montagne  de  la  Cour. 

t'til*..  I'diiinni.  (>b>crvat«»irc  k«\val  dc  Bclgiqnc. 

Bruxelle>.  Belgium.  Societe  Beige  D'Astronomia. 

C-mbridgc.  I-'ngI:ind.  l'ni\crvity  Observatory. 

Cajke  Tt'wn.  Africa.  Royal  Observatory. 

Oiri^Tiania.  Norway,  l*nivcrNitat>-Stcrnwartc. 

Cincinnati.  Ohio.  Cincinnati  Observatory.  Station  O. 

<.^>r.!mbia.   Mi^'^ouri,  I-aw<  Ob^ervatorv,  Cnivcrsitv  of  Missouri. 

Copenhagen.  Denmark.  Observator>\ 

C»'rdoba,  .\rgcntinc  Republic.  National  Observatory. 

iKvrpat.  Rtis^ia.  University  Observatory. 

F>:Min.  Ireland.  Dunsink  Observator>'. 

Dirblin.  Ireland.  Royal  Dublin  Society. 

KiJinb'.irgh,  Scotland,  Royal  Observatory. 

Geneva.  S\%itzerland.  Ol)servatoire, 

Gla^gMw.  Scotland.  University  Observatory. 

Gntba.  Germany.  Hcrzoglichc  Sternwarte. 

<i,Ktiingrn.  Germany.  K«»nigliche  Sternwarte. 

Grcrnwich.  England.  Royal  Observatory. 

Hamburg.  Germany.  Hamburger  Sternwarte. 

HcitlcllH-rg.  Germany.  Astrometrische  Abteilung  der  Grossherzoglichen 
Sternwarte 

Htidelberg.  Germany.  .•\*trf»phy<ikaliche  Abteilung  der  Grossherzog- 
lichen Sternwarte. 

HcNingfors.  Russia,  University  Observatory 

Himm.  Ohio.  Observatory*  of  Hiram  College. 

I\inc*-I»niXi-lle<.  Belgiimi.  Prof.  Paul  Stnmbant.  i.^  .\ve.  dc  Haut  Pont. 

Ka<an.  Russia,  Universitv  .V^tronomical  Observatorv. 

Kiel.  Germany.  Univer'»itat>- Sternwarte. 

K'Klaikanal.  Palani  Hills.  South  India.  Observatory. 

Koenigsl»erg.  in  Pr.  Germany.  Konigliche  Sternwarte. 

La  Plata.  Argentine  Republic.  Obser\atory. 

I-eipMC.  Germany.  Universitat^-Sternwarte. 

Leyden.  Holland.  Universitais-Sternwarte. 

Li<U»n  <Tapada),  Portugal.  Real  Ob^ervatorio. 

London.  Fngland,  British  Museum. 

London.  Hngland.  The  Nautical  Almanac.  .?  Verulam  BIdg««..  Gray's  Inn. 


Publications  of  the 

^ondon,  England,  Royal  Astronomical  Society. 

London,  England,  3  Vcrulam  Bldgs.,  Gray's  Inn,  Tile  Nautical  Alnunav 

Lund,  Sweden,  University  Observatory. 

Madison,  Wisconsin,  Washburn  Observatory. 

Madrid,  Spain,  Observatorjo  Astronomico. 

Marseilles,  France,  Observatoite. 

Melbourne,  Victoria,  Observatory, 

Milan,  Italy,  Osservatoria  Astronomico  di  Brera. 

Moscow,  Russia,  University  Observatory. 

Mount  Wilson,  via  Pasadena,  Cal.,  Solar  Observatory. 

Munich.  Germany,  Konigliche  Sternwarte. 

Naples,  Italy,  Osservalorio  Astronomico. 

New  Haven,  Connecticut,  Yale  Observalory. 

New  York,  New  York,  Columbia  University  Observatory. 

Nice,  France,  Observatoire. 

Northficld,  Minnesota.  Goodsell  Observatory. 

Oxford,  England,  Radcliffe  Observatory. 

Oxford.  England,  University  Observatory. 

Padua,  Italy,  Osservatorio  Astronomico. 

Paris,  France,  Bureau  des  Longitudes. 

Paris,  France,  Observatoire  National. 

Paris,  France,  Rue  Cassini  16.  Societe  Astronomiqiic  dc   France. 

Potsdam,  Germany,  Astrophysikalisehes  Observatorium. 

Prague,  Auslro-Hungary,  Univcrsi tat s-S tern wartc. 

Pulkowa,  Russi.i.  Imperial  Observatory. 

Rio  de  Janeiro,  Bra?il.  Observatory. 

Rome,  Italy,  Osservatorio  .\slronomico  del  Collcgio  Remano. 

Ronie,  Italy,  Specula  Vaticana. 

San  Prauci>co.  Cal.,  Oilifonii;i  Academy  of  SciL-nci's. 

San  Kranci^co.  C.L,  Trcliiiic^il  Sodvly  of  (1k'  Paoilic  Coa-t. 

Stockholm,  Sweden,  University  Observatory. 

Stra'isburg.  Germany.  Universitiits- Sternwarte. 

Sydney,  New  South  Wale?.  Observatory. 

Tacidiaya.  Mexico.  Observalorio  Astronomico  Nacional. 

Tokio,  Japan.  University  Observatory, 

Toulouse.  France,  Observatoire. 

Univcrsily  Park,  Colorado,  Cliambcrlin  Observatory. 

University  of  Vir(;iiiia,  Virginia.  McCormick  Observatory. 

University  of  Pennsylv.-mia,  Upper  Darby,  Pa,.  Flower  Observatory. 

Upsala,  Sweden,  University  Observatory. 

Vienna,  Austria,  K.  K.  Sternwarte. 

Vienna  (Otlakring),  Austria.  Von  Knffnerschc  Sternwarte, 

Washington,  D.  C.  Libr.iry  of  Congress.  Periodical  Division. 

Washington,  DC,  National  Academy  of  Sciences, 

Wa>hington.  D.  C„  Naval  Observatory, 

Washington,  D.  C„  Smithsonian  Institution. 

Washington,  D,  C.  Nautical  Almanac,  U,   S,  Naval  Office. 
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Washington,  D.  C,  U.  S.  Coast  and  Geodetic  Survey. 
Williams  Bay,  Wisconsin,  Yerkcs  Observatory. 
Zvirich,  Switzerland,  Observatory. 

BXCHANQSa. 

AstroHomische  Xachrichten,  Kiel,  Germany. 

Prof.  Mlis  Str6mc;kkx.  Observatory  of  Copenhagen.  Denmark. 

Prof.  .\    .\.  Nni.Axn.  The  Observatory.  I'trccht.  Holland. 

l*ro!    I>r.  H.  J.  Klein.  Editor  of  "Sirius,"  Thercsien  St.  85,  Koln-Lin- 
dcnthal.  Germany. 

Revista  de  la  Sociadad  Astronomica  de  Espana  y  America.  Barcelona, 

Spain. 
Mr   F.  AurHFNHOLD,  Director  of  Treptow  Sternwarte,  Berlin,  Germany. 
Mr    C.   A.  Chant,  Royal  Astronomical  Society  of  Canada.  Toronto. 

Canada. 
Mr    E    Dn-i-onn:,  yd  Rue  Verhulst.  Eccle-Bruxellis.  Belgiquc. 
S«v'ittlad  Astronomica  de  Barcelona,  via  Diagonal  462.  2',  Barcelona. 

Spain. 
I>r    H.  Kritzin<;fr.  40  Htnderstn  Str.,  Berlin.  N.  W.,  Germany. 
( >li«.crvatorio  Astronomico  de  Cartuja.  Granada.  Spain. 
Pr.»f   L.  I^AiKA.  Nizbor  Observatory.  Bohemia. 
if.izt'ttc   AstronomiqutT,    Societe   dWstnmomie    d'Auvcrs.    29    Stamford 

St  .  London.  S.  E..  England. 
.  \ str i* physical  Journal,  Williams  Bay.  Wisconsin. 
Pi^pular  Astronomy.  Northtield.  Minn. 
J  hi'  i^hscnatory.  Greenwich.  England. 

Rt-^tsta  di  Astronomia,  Societa  Astronomica  Italiana,  Turin,  Italy. 
«  ^r.oti.  Strada  Rosea  No.  3.  Bucarcst.  Roumania. 
Journal  Astronontiquc,  Observatoire  de  Lille.  Hem,  France. 
Astronomia  Pof>olarc.  Palazo  Madama.  Turin.  Italy. 
S«K:ieta  Astronomica  Italiana.  Rue  Maria  Vitt<»ria  23.  Turin,  Italy. 
Vhc  Journal  of  the  British  Astronomical  Association,  care  F.  W.  Le- 

van<ler.  .10  North  Villas.  Camden  Square.  N.  W..  l^ndon,  England 
Monthly  Soticcs.  Royal  Astronomical  S<M:iety.  1-ondon.  England. 
American  Mathematical  Society,  501  West  ii6th  St..  New  York.  N.  Y. 
S.«cieta  degH  Spettroscopisti  Italiani.  Catania.  Italy. 
Sociedad  Cientifica  "Antonio  Alzate."  Mexico.  Mexico. 
S«»lar  Obser\atory.  Mount  Wilson,  via  Pa^^adena.  Cal 
•Xmerican  Philosophical  Society,  105  South  Fifth  St..  Philadelphia.  Pa. 
Harvard  College  Obser>atory.  Cambridge.  Mass. 
The  Monthly  EirninR  Star  Map,  150  Nassau  St ,  New  York.  X.  Y 
Thf  Astronomical  Jlcrald,  Tokyo,  Japan. 
PuHication  of  Pomona  College.  Claremont.  Cal. 
The  .  Astronomical  Journal,  Dudley  Observatory.  .Albany.  N.  Y. 
Journal  de  Physique.  5  Rue  de  la  Sante  (I3*>.  Pari*.  France. 
Journal  of  the  Royal  Agronomical  Society  of  Can.ida.  108  CoIIcrc  St.. 

Toronto,  Canada. 
del  ft  Terre.  24  .Avenue  Hes  Villas.  Bnixelle^.  Belgium. 
Tihrar>*  Weather  Bureau.  Washington.  D.  C. 
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ADDRESS  OF  THE  RETIRIXG  PRESIDENT  OF  THE 

SOCIETY  IN  AWARDIN'G  THE  BRUCE  GOLD 

MEDAL  TO  DR.  GEORGE  ELLERY  HALE. 

Bv   RoBEItT  G,   AlTKEH, 

It  is  my  privilege  this  eveiiins:;  as  well  as  my  duty  to  make 
the  fonnal  announcement  of  the  award  of  the  Bruce  Gold 
Medal  of  our  Society  for  the  year  1916  to  Dr.  George  Eu.erv 
H,\i,K,  the  Director  of  the  Mount  Wilson  Solar  Observatory 
of  the  Carnegie  Institution  of  Washington,  and  to  state  the 
grounds  ujjon  which  the  award  has  been  made. 

The  Bruce  Medal  is  international  in  character  and  is  given 
for  "distinguished  services  to  astronomy"  in  any  field.  Among 
the  twelve  previous  recipients  of  the  award,  we  find  four 
American,  two  English,  and  two  German  astronomers,  and  one 
representative  each  of  Italy,  France,  Holland  and  Russia.  In 
the  list  are  men  whose  reputation  rests  entirely  upon  theoretical 
research ;  others  whose  preeminence  is  mainly  due  to  observa- 
tional work:  tome  represent  astronomy  in  Bfssf.i-'s  definition 
of  the  word,  others  are  piiincfrs  in  what  L,\n"(;[.i:v  called  the 
"N'ew  .\,-^trnnnmy";  some  have  confined  their  attention  chiefly 
lo  our  -.olar  ^v^tem.  others  lo  the  svstems  of  the  stars.  Our 
prc>ent  medalist  is  an  American,  a  citi2en  of  our  own  State, 
and  a  represcntalivc  of  ihe  new  astronomy,  but  he  differs  from 
all  our  earlier  medalists  in  his  chief  subject  of  study,  which  has 
been  and  is  tlie  central  body  of  our  system,  the  Sun  itself, 

l'\)r  fully  twenty  years  Mr.  il.M.ic  has  been  a  professional 
astronoiner,  the  uri^anizer.  builder  and  {Hrector  of  two  of  the 
jjreat  observatories  of  the  world,  bul,  bv  his  own  definition, 
he  i>  >lin  as  truly  an  amateur  ;is  he  was  when  he  made  his  first 
astronomical  observations  in  a  room  in  his  father's  house  in 
Cliicaso  with  instruments  lar<fely  of  his  own  design  and  con- 
struction. Hear  his  definition  of  the  term! — "According  to 
my  view,  the  amateur  is  the  man  who  works  in  astronomy  be- 
cause he  cannot  hclii  it.  because  he  would  rather  do  such  work 
lh[in  aiiytiiing  else  in  the  world,  and  who  therefore  cares  little 
for  hampering  traditions  or  for  difficulties  of  any  kind." 

We  should  exi>ect  the  man  who  wrote  these  words  to  bv 
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characterized  bv  an  intense  enthusiasm  fur  research,  and  bv 
the  optimisni  necessary  to  carrv  him  thru  almost  anv  dis- 
Oiurav^cment.  and  this,  indeed,  is  the  fact.  The  fountain-head 
ni  ihe<e  cjuahties  must  naturally  lie  in  Mr.  Hai.m's  own  nature. 
h\\i  he  owes  nuich  to  the  fortunate  environment  of  his  earlv 
v-rih  His  father,  the  late  Wh-IJam  Ri.lkry  Half:,  to  whom 
«»ur  KK-dali^t  is.  as  he  himself  tells  us,  indebted  l)evond  measure. 
f« tutored  the  hoy's  early  love  for  natural  science,  was  interested 
it:  hi-  -imple  jhysjcal  and  chemical  ex])eriments.  his  obscrva- 
tin's  of  infusoria,  his  photoj^jraphs  of  various  objects  with  a 
ficro-^ifipe.  He  encourai^ed  the  boy  to  use  tools  and  to  build 
iii'-tnnnenis  of  his  own  before  buyine;^  l>etter  ones  for  him.  and 
tlr.!'-  stimulated  his  enterprise,  his  self-reliance  and  his  re- 
-.•urcefulness.  In  view  of  this  early  history  it  is  less  surpris- 
itil:  to  tind  our  medalist  as  a  lx)y  of  fifteen  photoj^raphinj^  the 
:»arii.d  eclipse  of  the  Sun  in  1883.  and  to  learn  that  even  then 
he  ua^  passionately  devoted  to  spectroscopy. 

It  wa^  tive  years  later,  when  he  was  a  student  at  the  Massa- 
« lr.:MMt*»  Institute  of  Technoloen^'.  that  Mr.  Hai.k  desij^ned  a 
-:i\'ill  brick  buildinj^  at  his  father's  home  at  Kenwood  to  con- 
tain a  ten- foot  Rowland  concave  jifratinjTf.  with  shop,  laboratory 
and  ilark-room  and  thus  bejran  his  active  career  as  a  builder 
of  observatories  and  as  an  investij^ator  of  solar  phenomena 
.lud  of  the  problem  of  stellar  evolution  alonj*^  the  lines  he  has 
con^i-tentU  followed  in  all  his  later  work  Note  that  this  first 
^♦•ecin);^'raph  was  an  instrument  of  hii^h  disf'crsion  and  that 
\h\^  hr>t  ol)scrvatory  made  provision  not  only  for  a  s])ectro- 
crai  h.  but  also  for  a  shop  and  a  lalK)ratory.  Mr.  Haij:  has 
in)m  the  l)ejj:inninj^  demanded  powerful  instnnnents.  tho  not 
nece>^arily  ex[>ensive  ones,  and  he  has  insisted  upon  shops  and 
i.iln.raiories  as  indispensable  adjuncts  to  an  observatory. 

In  iSX<>.  when  he  was  but  twenty-one  years  old,  the  princi])le 
<'f  the  ^[>ectrohelioj^raph  *  occurred  to  him  and  with  a  simply 

I  ^j.*  Iiifht  iif  ihc  Sun  ailtnittnl  into  the  narrow  >lit  «»f  an  ordinary  *|H-<.troi;raiih 
..'  '  pa«k«r>l  thru  it^  train  of  Irn<ti<t  ami  prisma  is  ^prrad  out  into  a  lonti  tnn<i  tif 
.   ■' ■•     I  ri«**r'l  liy  line*  rcprr^mting  variou*  chemical  clrment!*.     Such  a  'SiMrctrum" 

•  :.n  >ir  fti  .«rlc*1  on  a  ph«>to||rai>hic  platr.      SufM^''^?  that  immciliatcly  in  front  <>f  thi^ 
'•la'r    ifi  i»t»:'«|ur  iliaphram  i*  placed  with  a  narrow  slit   in   it   to  ci»rn:*i»onil  pirci*rly 

•  .   'hr    position   nf  one   €»f   the   *|»ectral    line*,      Ohvioxnily   liKht    fioni    this   line   and 

•  *    m    T  !■   I  xhrr    {lortio:!   of   the   sfiectrum    v^iil   !>e    recorded   on   the   plate.      \o»    pro- 
»    \r  a  mrehani'm  t»»  move  the  entire  *i»ectn>gTaph   (includinx  the  diaphram  uith  the 

• *:tt  I.   with   re%|»cct   to  the  solar   image  and   thr  photographic   plate.      A   com- 

;  ftr  pirf.irr  iif  the  Sun.   in  the  light  »>f  thi"  one  spectral  line,  will  lie  huilt  up  on 
•Ne  I'late       The  inMrument   i%  now  a  s|iectrohelioKraph. 
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■nstriicteO  instninient  he  bepan  his  experiments  at  the  Har- 
vanl  College  Observatory  thru  the  kinciness  of  Professor 
PicKERiNn.  Tliese  early  attempts  were  not  successful,  but 
tiiree  years  later  he  had  added  a  12-inch  refractor  to  the 
equii>ment  of  the  Kenwood  Observatory  and  in  a  photographic 
study  of  the  spectrum  of  the  solar  chromosphere  and  promi- 
nences had  observed  the  two  brilliant  lines  due  to  calcium  vapor 
in  the  Sun's  atmosphere  which  are  known  as  the  H  and  K  lines. 
Lying  in  the  violet  end  of  tlie  visual  spectrum,  close  to  the 
limit  of  wave  length  to  which  the  eye  is  sensitive,  these  lines 
had  almost  escaped  notice  in  the  visual  studies  of  the  Sun 
iho  they  had  been  seen  by  C.  A,  Young,  This  short  wave- 
length region  of  the  spectrum,  however,  strongly  affects  the 
ordinary  photographic  plate,  hence  on  the  photographs  the 
H  and  K  lines  are,  as  I  have  said,  brilliant.  Moreover  they 
appear  in  the  solar  spectrum,  superposed  upon  "broad  datic 
bands  which  ^eatly  diminish  the  brightness  of  the  sky  spec- 
trum" and  are  therefore  admirably  adapted  to  the  spcctro- 
beliograph. 

ITie  difficulties  that  had  prevented  earlier  success  with  this 
instrument  were  now  (|nickly  surmounted,  and  early  in  Feb- 
ruary. i8i)2,  Mr.  ll.M.i-;  obtained  fairly  good  imagL's  of  the  Sun 
in  the  light  of  the  11  autl  K  spectral  lines  ,\  new  and  ])Ower- 
fnl  instrument  of  fundanrental  importance  in  the  study  of  solar 
phcnonicna  was  tbu>.  placed  at  the  service  of  astronomy  and 
Mr.  n.\[,i-:  at  once  took  ;i  iirominent  jilncc  among  the  astrono- 
mers of  the  world. 

It  is  prol>abIe  that  no  one  has  i.-vcr  made  a  discovery  or  in- 
vention of  im]>ortancc  that  bad  not  been  to  some  degree 
aiuicipattd  by  others.  It  would  be  easy  to  cite  numerous  ex- 
am|»les  to  snpjjort  tbi-;  statement.  In  the  case  of  the  spectro- 
hcliogra|ib.  the  princi|ile  involvcl  bad  lieen  stated,  essentially, 
by  I,\.nssi:n  as  early  as  iSC").  an  in-lrmncnl  bad  been  designed 
by  r.R.M-.v.  at  Kalocsa.  in  1S72.  bul  not  built  for  lack  of  funds, 
and  experiments  with  a  s]iectroheliogriii)b  were  actually  car- 
ried out  by  Liuisi:.  at  I'otsdam.  in  1S80.  They  were  unsuc- 
cessful, however,  and  I.ohsk  ilid  not  cnntiiuic  them.  These 
facts  in  no  wi-c  delnict  from  the  mciil  of  Mr.  H.\LF.'fl  work, 
for  be  thot  out  the  principle  on  which  the  instrument  is  based 
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ijiiitc  tnficfXMiclently,  and.  what  is  of  more  iin|)ortance,  he  con- 
tinued his  experiments  until  he  had  achieird  success.  The 
^l»ccirohcHofjraph  is  therefore  justly  reji^ardcfl  as  his  invention. 

It  is  not  my  pur|)ose  to-night  to  dwell  at  Icnj^h  u|>on  our 
medalist's  multifarious  activities  as  director  first  of  the  Yerkes, 
then  of  the  Solar  Observatorv.  as  founder  and  editor  of  the 
.Istrophysical  Journal,  as  the  man  chiefly  res|K)nsible  for  the 
ori:anization  of  the  International  Tnion  for  Coo[)eration  in 
Solar  Research,  hut  I  do  want  to  show  you  that  all  of  these 
activities  have  been  but  the  logical  development,  the  evolution, 
if  you  f»lea*»e,  of  his  original  working  program. 

At  the  beginning  of  his  work.  Mr.  11  M.r  realized  that  the 
Sun  in  only  a  star,  differing  in  no  essential  from  thou**ands  of 
the  stars  visible  to  the  eye  ancl  to  the  telcsco[K\  except  that  it 
is  place<l  near  enuf  to  |)resent  to  us  a  large  disk  instead  of  a 
pi  tint  image.  an<l  thus  to  permit  us  to  study  its  phenomena  in 
«'ei:iil.  This  is  an  obvious  truth  to  us  now.  and  was.  indeed. 
:i«»  new  idea  a  <|uarter  century  ago,  but  its  implications  and  its 
«>TM  *»'"^""ifi<^^  ^1^*1  l)een  so  generally  overlooked  and  neglected 
rhai  .Mr.  !I.m,f/s  revival  of  it  held  almost  the  novelty  of  a  dis- 
CMXt-ry.  The  Sun.  then,  as  the  '*uni(iue  means  of  o])ening  to 
Us  a  knonle<lge  of  stellar  development."  lieM  the  central  phice 
in  his  *»cheme  of  research.  That  his  conception  of  the  problem 
of  sioUar  evolutioii  has  grown  and  broadened  as  increasing 
kniiwlelge  an<l  experience  have  brought  an  ever  wi<ler  vision 
it  js  hardly  nee<lful  to  sav.  bu!  it  i^  apparent  from  his  earliest 
\\niin'.;s  ancl  from  the  e<|ui|Mvent  of  his  ob<ervatory  at  Ken- 
WMod  that  he  bei^an  his  work  with  a  firm  grasp  ui>on  the  con- 
ditioiix  of  the  firoblem  and  a  clearly  outlined  plan  of  attack 
•:»M»n  it.  The  Sun  was  to  furnish  the  key  to  decipher  the  mys- 
teries hidden  in  stellar  s|)ectra.  carefully  chosen  laboratory  ex- 
fH-riments  were  to  gui<le  in  the  inteq)retation  of  the  observed 
solar  f»henomena.  and  the  study  of  the  stars  and  of  the  nebul.T 
in  their  relation  to  the  Sim  and  to  each  other  was  to  fonn  the 
third  of  these  converging  lines  of  attack. 

It  is  ol)vious  that  the  full  <levelopment  of  such  a  compre- 
htiisive  |)rogram  of  work  lies  l)eyt»n<l  the  i>owers  of  any  indi- 
%!ilual  or  even  of  any  one  institution,  however  well  equijuved. 
Kvcry  ]K>ssib1e  metho<l  of  study  and  practically  every  form  of 
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te]esco]it;  Tiiust  lie  emjiloytil.  Visual  observations,  iviili  tele- 
scopes large  and  snial!,  photographic  observations,  spectro- 
grapliic  observations,  all  have  their  particular  functions.  More- 
over the  student  of  stellar  evolution  must  be  alert  to  avail 
himself  of  every  advance  made  in  other  fields  of  science,  by 
the  physicist,  the  chemist,  and  the  engineer.  He  must  con- 
stantly devise  new  instruments,  new  methods  of  attack,  to 
apply  these  advances  to  his  own  problems.  Finally,  the  Sun 
must  be  kept  un<ler  continuous  observation,  not  only  from  day 
to  day.  but  from  hour  to  hour,  for  prominences  arise,  reach 
their  full  development  and  vanish  sometimes  in  the  fraction  of 
an  hour :  simspots  coine  and  go  on  no  regular  schedule ;  facuUe 
and  flocculi  are  as  capricious  in  their  changes  as  the  clouds 
and  air  currents  in  our  own  atmosphere. 

We  find  Mr.  Hale,  therefore,  insisting  upon  the  need  of  a 
large  number  of  investigators  "working,  if  possible,  on  some 
cooperative  plan,  at  many  stations  widely  separated  in  longi- 
tu<le."  Intelligent  cooperation  is  conditioned  upon  organ- 
ization and  upon  convenient  media  of  intercommunication. 
Recognition  of  these  conditions  led  Mr.  H.m.e  to  advocate  as 
early  a-.  rfi')j.  the  fauiidatiiin  i>t  an  a.-trophy-ical  JDiinial.  m 
undnialvc  tlic  editorial  r(,-s|)oiisil>ility  when  it  was  cstahlishcl. 
and  to  take  the  iiiilialive  in  ilic  formation  of  the  IniL-rnalional 
I'ninn  for  Coiiperalion  in  Solar  Research,  which  held  its  first 
nu-clini;  in  Se|itenibcr.  11704.  This  a(huiral)lc  I'liion  now  in- 
cludes ])riicticaily  every  student  of  solar  physics  in  llie  worlil 
and  its  organi;?alTon  is  so  skillfidly  planned  that  while  it  jiru- 
vide>  for  ihoro  syMciiiatiK.ition  and  cooperation  it  leaves  the 

each  one  to  ori,y:inal  research, 

II  is  Init  the  further  develojimcut  of  these  ideas  thai  has  Id 
Mr.  II.M.i-:  in  more  recent  years  10  lake  such  an  active  part  in 
the  work  of  the  National  Academy  of  Sciences,  to  emphasize 
the  importance  of  National  .\cademies  as  forums  tor  the  free 
interclianfic  <if  ihot  hv  men  cu^^'a^'cl  in  .liffcrem  lines  of 
research,  and  to  Cvtablish,  with  his  brother  and  sister,  the 
ll'iHiaw  l-llcry  H.rlr  Lcclinrs  on  lirohition.  for  he  rei,'ards 
-all  natural  phenomena  as  elements  in  a  single  iiroblctn,"  and 
lielieves.  as  Sir  Wu.i.iam    11  ftir.iNs  ])hrases  it.  that  ■■through 
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all  I  he  aj^cs  the  Comiios  has  a<lvanccd.  antl  is  sli!l  advancinj^. 
I»y  a  |»r(K'cs>  of  onleHy  evohition." 

"The  jMJWiT  of  focussifiLj  <imiiliancoiiNly  the  \vi«ler  view  and 
ihe  ininnte  obNenation."  says  ScmsTKR.  "i-*  i)erhap<  the  most 
charaoieri^tic  attrilnite  of  tho>e  who  reach  the  hii^he-^t  eminence 
in  any  profession/* 

Mr.  Hai.k  iK)sse>se<  this  {)ower  in  a  marked  decrree.  The 
\\!"ier  view  has  l)eeii  emphasized  in  what  I  have  Ixren  sayinj:^. 
I»i!i  his  personal  research  work  ha<  Inren  characterized  no  lesN 
li\  minute  an<l  accurate  observation.  Without  attempt inv^  to 
4lescril»e  this  work  in  detail,  let  me  nipidly  pa-s  in  review  <ome 
of  its  iiuire  im|Hjrt«int  features. 

\t  KenwcMxJ,  the  spectrohelio^raph  was  employed  dili;L:enlly 
nntil  May.  l8<i3,  and  a  ^^rerit  variety  of  solar  phenomena  were 
recorded  on  the  3000  photo:^raphs  secured.  It  was  demon- 
strated that  the  siK-ctroheliotjfraph  "f>rovi'led  a  simple  and  ac- 
curate means  of  photot:raphin*r  the  solar  prominence^  in  full 
sunlijiht."  an<l  that  it  revealed  and  recorde<l  an  entirely  new 
c!a'i»s  of  phenomena,  inaccessible  to  any  other  instnnnent.  I 
refer  to  the  enonnous  j^s  clouds  in  the  Sun's  atmosphere 
which  Nfr.  H  \le  has  named  "tlocculi** :  for  the  photoq^raphs 
taken  in  the  lii^ht  of  the  H  and  K  lines  reconled  the  distribu- 
tion of  calcium  va|K)r  ahoie  the  Sun's  liisk  as  well  as  in  the 
prominences  at  its  limb.  The  brit^ht  11  and  K  lines  are 
peculiarly  adapted  to  spectroheliov:raphic  investij^ations.  but  it 
m*as  ap|)arent  that  with  suitable  instruments  other  s|)ectral  lines 
could  be  utilized  and  the  distribution  of  other  t^Mses  in  the 
Sun's  atmosphere  studied.  .\n  iustrun.ent  (»t  hiuhcr  dispersion 
was  dcniandecl  for  this,  and  to  study  the  liner  details  of  even 
the  calcium  flocculi  an  imaji^e  of  the  Sun  much  lari^er  than  the 
^inch  imaije  fonned  by  the  u-inch  Kenwood  refractor  was 
neede<l. 

Fortunately,  in  i8<)3.  the  opjwrtunity  to  <ecure  a  refractor 
of  the  larjre^t  size  presented  itself,  for  by  a  combination  of  cir- 
cuniHtance**  unneces>ar%-  to  detail  here,  disks  of  ^dass  of  the 
highest  cjuality.  suitable  for  the  construction  of  a  4(vinch  lens. 
were  for  sale.  Mr.  II.m.k  interested  President  IIxritk  of  the 
l'ni\ersity  of  Chica;^o  in  the  project.  an<l  the  latter  finally 
-ecure«l   from   Mr.  C  T.   Ykrkes  of  Oiicaij:o  the   funds   for 
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biiilciing  the  telescope  and  a  suitable  observatory.  Naturally 
enuf,  our  medalist  was  called  upon  to  build  the  new  institution 
and  to  direct  its  work,  and  attho  he  realized  the  inevitable  in- 
terruption to  his  personal  researches  involved,  he  recognized 
also  the  command  to  larger  service  for  the  common  good  and 
cht'erfully  shoiddered  the  heavy  responsibilities.  The  construc- 
tion of  the  Verkes  Observatory  was  begun  in  1895  and  com- 
pleted in  i8q7.  and  the  new  institution  promptly  took  rank 
among  the  great  observatories  of  the  world,  not  only  by  reason 
of  its  powerful  equipment,  but  even  more  because  of  the  high 
quality  of  the  work  done  by  its  staff.  The  wisdom  of  Mr. 
Hale's  decision  to  base  the  scheme  of  work  of  the  Yerkes 
Observatory  "on  a  deliberate  intention  to  realize  the  fullest 
possible  advantages  of  the  40-inch  refractor  in  the  diverse 
researches  for  which  it  is  peculiarly  adapted"  has  heen  fuHy 
demonstrated. 

>rany  of  these  researches  are.  in  the  nature  of  the  case,  not 
intimately  related  to  each  other  or  to  the  problem  of  stellar 
evolution,  in  which  Mr.  Hale's  chief  interest  lies.  The  wortt- 
ing  program,  however,  provided  for  the  study  of  this  problem 
;ind  it  w;is  Mr,  ll.v[.i:"s  boi)e  th.it  he  coidd  coiUiuue  his  spcctro- 
heliographic  work  without  delay.  I 'u fortunately,  as  is  too 
often  the  case,  there  was  no  endowment  fmid  for  the  new  ob- 
servatory, and  the  difficulty  of  fiudin^j:  funds  for  in-ilrumeni* 
supuk'TUvntary  to  the  groat  refractor  nud  for  the  prosecution 
of  the  nh.scrvatory  work  not  only  iiiipos<.-d  heavy  burdens  vipon 
our  iiicdrdist.  in  his  capacity  .is  Director,  but  i>revente<i  thi? 
consiructinn  of  a  siutahle  s]icctrohelingraph  until  iSc>S.  The 
Ruiiiford  speclroheliograi>h  then  built  \va-  specially  ad.ii>ted  to 
tile  4n-iiicb  teli'scopc.  and  the  sei-nml  slit  was  so  designed  that 
it  could  be  ii-ed  with  ;iny  line  in  the  solar  sjiectHnn  and  not 
meiclv  with  the  liri!,ihl  H  and  K  liiies.  With  this  instrument 
Mr.  Um.k  succeeded,  in  May.  i.p^.  in  securing  for  the  first 
time  ])hotogra|ihs  of  the  .'^uu"s  image  in  light  of  the  dark 
hvdro-cn  lines,  thus  bringing  the  distribution  of  this  gas  in 
iIk-  solar  ainiosiilicre  within  the  range  of  investigation.  .\  far 
ninrc  striking  achievement,  one  that  savors  of  the  miraculous, 
wa-  the  photographing  of  sections  of  the  calcium  flocculi  at 
different  heights  above  the  photosphere  of  the  Sun.    Thi.s  wa* 
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accoinf>li>he<l  b\'  utilizing^  the  "simple  means  first  described  by 

M.    nKSLANDKKS." 

'At  the  base  of  the  flocculi,"  writes  Mr.  Hai-k,  **the  calcium 
va|H)r.  jiiM  risinjj  from  the  Sun's  interior,  is  comparatively 
i!cn*»c.  As  it  |>asses  upward  thru  the  flocculi  it  reaches  a 
re;n^»"  01  much  lower  pressure,  and  during^  the  ascent  it  mij^^ht 
!>e  ex]»ected  to  ex|)and.  .in<l  therefore  to  become  less  dense. 
Now  we  know  from  experiments  in  the  lal)oratory  that  dense 
calcium  vapor  prmluces  ver)-  broad  spectral  bands,  and  that,  as 
ihe  cKn^ity  of  the  va|}or  is  decrease<l.  these  bands  narrow  down 
intci  fine,  ^^harp  lines.  An  examination  of  the  solar  s|>cctrum 
will  show  that  the  H  .md  K  lines  of  calcium  fpve  evidence  of 
the  «iccurrence  of  this  substance  under  widelv  different  densities 
in  ilie  Sun.  The  broad  dark  bands,  which  for  our  convenience 
wc  dc^iirnate  H,  and  K,.  are  due  to  the  low-lyin^.  dense  calcium 
vat)or.  At  their  middle  points  (over  flocculi)  are  seen  two 
hnv:ht  lines,  which  arc  much  narrower  and  better  define<l. 
These  lines,  desij^nated  H...  and  K.^..  are  the  ones  ordinarily 
cinployetl  in  photograph  in  jj^  the  flocculi  with  the  spectrohelio- 
>;raph.  Su|>erix)sed  u|)on  these  brij^ht  lines  are  slill  narrower 
<Lirk  line<.  tlue  to  the  absor])iion  of  cooler  calcium  vapor  at 
hit:hi:r  elevations  <  M^,  K. ).  It  will  \yc  seen  that  the  evidence 
of  the  ixistence  of  calcium  vapor  at  various  densities  in  the 
Sun  Is  apiwrently  complete,  and  that  we  m.iy  here  find  a  way 
of  photo;^raphin^  the  va|H)r  at  low  levels  without  a<lmittinjx 
to  ihe  photoj^raphic  plate  ar.y  li^ht  that  comes  from  the  rarer 
vajkors  at  higher  levels.  It  i*i  simply  necessary  to  set  the  second 
slit  of  the  s[)ectrohelioj^raph  near  the  edjj:e  of  the  broad  II,  or 
K^  kmds  in  order  to  ol)tain  a  picture  showing  only  that  va|K)r 
which  i<  dense  enuf  to  pro<luce  a  band  of  width  sufficient  to 
reach  this  |H)sition  of  the  slit.  No  liijht  from  the  rarer  vapors 
alwive  can  enter  tlie  second  slit  umler  these  circumstances,  since 
they  are  inca|>able  of  pnxlucin^  a  Imnd  .of  the  necessary 
width."  ' 

The  ureal  sun-six3t  of  ( Krtober.  nK>3.  offered  the  op]K)rtunity 
for  testinjj  the  new  method  .nnd  the  results  were  completely 
successful.  It  is  a  temptation  to  describe  the  differences  in  the 
structure  of  the  hy<lroj^en  and  calcium  flocculi  and  the  varia- 

'  /  ^/   NraJ.v  of  Stfiiar  tliolmtwm.  \t.  v«». 
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lions  in  the  latter  witli  their  level  in  the  solar  atmosphere,  and 
to  (liscu<is  their  bearings  iijion  our  theories  of  the  forces  at  work 
in  the  Sun.  Time,  however,  is  lacking  and  it  must  suffice  to 
say  that  Mr.  H.vle  has  developed  these  points  in  various  papers 
reporting  the  progress  of  his  investigations. 

For  the  same  reason  we  must  pa,ss  over  the  other  work  done 
at  the  Yerkes  Observatory,  with  merely  the  briefest  reference 
to  the  research  on  the  Spectra  of  Stars  of  Secchi's  Fourth 
Type — the  so-called  carbon  stars — which  was  undertaken  in 
January,  1898,  with  the  assi.itance  of  Ellersi.^n  and  Park- 
hurst,  and  which  affords  an  admirable  illustration  of  the 
"combined  attack"  metho<l  in  studying  astronomical  problems. 
"In  conjunction  with  this  investigation."  says  Mr.  Hale, 
"photographs  have  been  made  of  the  spectra  of  a  number  of 
stars  of  other  types,  researches  on  the  condition  of  carbon  in 
the  solar  chromosphere  and  on  the  widened  lines  in  sun-spots 
have  been  set  on  foot,  and  considerable  work  on  the  sjjectrum 
of  carbon  and  other  substances  has  been  done  in  the  laboratory." 

Exceedingly  valuable  work  in  solar  research  has  been,  and  U 
being- done  with  the  Rumford  spectrohcliograph,  but  Mr.  Hale 
recognized  iho  promising  o|)portuuity  that  remained  to  apply 
iustruineuts  of  higher  di^ijiersion  "to  the  investigation  of  sim- 
siiol-.,  the  chromosjihere,  and  other  details  of  a  large  '^olar 
iiiiagu."  .Such  inslrumcnts  are  too  long  to  be  attached  to  a 
moving  tek'sco])c  and  '"it  became  necessary  to  develop  a  suit- 
id>le  form  of  fixed  telescope."  which  could  be  made  to  bring  a 
large  scale  image  of  the  Sun  to  a  focus  at  the  slit  of  a  power- 
ful si)ectrosco]ie  or  spcctrolieliogra]>b  mounted  on  fixed  sup- 
ports. .V  beginning  in  this  direction  was  made  by  the  coTistruc- 
tion  of  the  Snow  horizontal  telescope  at  the  Yerkes  Observa- 
tory, 'it  consists  of  a  coelostat.  with  a  plane  mirror  30  inches 
in  ilianicter.  rotated  hy  clock  work  at  such  a  rate  as  to  keep 
the  beam  of  sunlight,  rellectcd  from  its  silvered  ( front )  surface, 
in  a  n,\ed  ])ositiou  on  a  second  j)Iaue  mirror  standing  above  anil 
.south  of  it.  1-Vom  this  mirror  the  beam  is  reflected  nearly 
horizontally  to  a  i>oiul  100  feet  north,  where  it  falls  on  a  ;24-inch 
concave  mirror  of  (ofeet  focal  length,  which  forms  a  solar 
image  alxjut  six  and  one-half  inches  in  diameter  on  the  slit  of  a 
spectroscope  or  si>ectroheliograph." 
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Ik: fore  work  with  this  lelesco|)e  ha<!  f)assed  the  experimental 
*»ia;^e  an  appropriation  was  secured  from  the  newly  establ^Nhed 
t'amcj^nc  Institution  of  Washinj^on  to  take  it  (in  n/)4 »  to 
Mount  WiNon  in  California,  where  preliminar>'  te>ts  had  >hown 
that  the  conditions  were  unusually  favorable  for  solar  observa- 
tion. The  result>  secured  were  entirelv  >ati>factorv  and  doubt- 
1es>  fi»rmcd  a  lari^e  factor  in  the  decision  of  the  Camepe  Insti- 
tution to  establish  a  solar  observatorv  on  this  site.  To  our 
nic'lalist  was  a^in  entrusted  the  resf)on>ibility  of  planning^, 
and  <lirectini^  a  ^eat  ob'^ervatory — an  observator>'  this  time. 
\\h<»>e  ])rime  object  it  is  "to  apply  new  instruments  and  methocls 
i*i  research  in  a  study  of  the  physical  element^  of  the  problem 
of  *»tcllar  evolution,"  with  special  attention  to  solar  ])hy<ic»5. 

!--xpcriments  in  jihotoj^aphinjT^  the  Sun  from  a  station  in  a 
tall  pine  tree  on  Mount  Wilson  convinced  Mr.  M  m.k  that  it 
woidd  l>e  a  \:ji::ii  advantage  to  mount  a  coclo^^tat  hijih  enuf  to 
av«:id  the  di>turl>ed  imai^e  <lue  to  pr^'ound  radiation^.  Accord- 
intrly  a  tele>co|>e  of  entirely  novel  type,  the  **to\\er  telescofK?.'* 
wa<  de>iv;ned.  A  >imple  "windmill  tower"  was  erected,  sup- 
jM>rtinj^  a  platfonn.  alx)ut  65  feet  al)Ove  the  irround.  on  which 
the  coclostat  and  second  mirror  were  so  mounted  a-^  to  "^end 
the  l>eam  of  sunlight  vertically  downwanl  thru  a  ^K>fcK)t- focus 
len*»  which  fonned  an  imajje  of  the  Sun  just  atove  the  ground. 
Here  it  fell  u|)on  the  slit  of  a  s|)ectro<iCope  or  s|)ectrohelio}T:raph 
which  wa>  placed  at  the  Ijottom  of  a  "well"  30  feet  deep,  where 
the  tem|>erature  remaine<l  almo>t  constant  and  where  there  was 
no  vibration.  The  success  achieve<l  with  the  ro-foot  tower 
telc'^cojw  has  more  recently  led  to  the  conMniction  of  another, 
with  a  tower  150  feet  hij^h.  and  well  73  feet  deep,  which  fonns 
a  M)lar  imaj^e  nearly  17  inches  in  diameter. 

Another  ]K)werful  instrument  at  Mount  Wilson  i*:.  the  ^o-inch 
rcrtcctinj^  telesco|)e.  the  mirror  for  which  had  In-en  [lartly  com- 
plete* 1  at  the  Yerkes  <  )bservator>'.  It  i-^  not  used  for  sf)lar 
work,  but  for  observations  on  star<  and  nelnda*.  desij^netl  **to 
throw  lijjht  on  the  |>ast  and  future  condition  of  the  Sun."  This 
magnificent  instrument  is  the  mo>t  |K>werful  one  of  its  tyi>e  in 
actual  use,  but  one  even  larg[er.  with  a  mirror  100  inches  in 
diameter,  is  nearly  completed,  and  may  Ik*  in  o[>eration  by 
IM17. 
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The  Snow  telescope,  the  two  tower  telescope.';,  and  the  two 
giant  reflectors,  with  their  accessories  on  Mount  Wilson,  and 
the  splendid  laboratories  and  shops  at  Pasadena,  constitute  a 
well-nigh  ideal  equipment  for  that  combined  attack  upon  the 
problem  of  stellar  evolution  which  has  from  the  first  been  Mr. 
Haf-e's  ambition.  That  marvelous  advances  in  our  knowledge 
will  result  is  attested  by  the  work  already  accomplished,  pattiat 
accounts  of  which  are  published  in  the  four  volumes  of  "Contri- 
butions from  the  Mount  Wilson  Solar  Observatory."  Here  we 
find  spectrographic  studies  of  the  Sun's  disk  at  the  center  and 
near  the  limb;  of  sun-spots,  prominences,  and  the  "reversifijj 
layer" ;  of  stars,  nebulse,  and  tlie  Milky  Way  ;  of  iron,  titailiain 
and  other  elements  made  in  the  laboratory  under  vnrying  eotl* 
ditions  of  temperature  and  pressure  and  under  the  influence  of 
a  magnetic  field;  also  spectroheliographic  studies  of  promin- 
ences, sun-spots  and  tlocculi,  and  scores  of  other  researche*^ 
all  related  to  some  phase  of  the  one  great  problem. 

It  was  in  1908  that  a  staining  method  devised  by  WaUJH^- 
for  making  photographic  plates  sensitive  to  red  light, 
Mr.  Halj:  to  use  the  Ha  line  of  hydrogen  in  his  spectral 
jjraphic  studit-.  Il  had  been  jiracticiilly  demon'.tnucd  at  the 
Verkes  Observatory  as  early  as  ii/)^  that  the  hydrogen  vapor 
which  produces  the  11/?,  Hy  and  118  lines  in  the  spectrum  of 
the  prominences,  and  which  forms  the  hydrogen  Hocculi  lies  at 
higher  levels  in  the  Sun's  ntmosyibere  than  does  the  calcium 
vapor  res])onsibic  for  the  H.^  and  K^  lines.  Indeed,  even  then 
Mr.  Hai.k  stated  that  the  strongest  hydrogen  floccidi  were 
probably  "prominences"  seen  in  projection  upon  the  Sun's  disk. 
F.videncc  was  ;i!so  found  which  favored  the  belief  that  the  Ho 
line  in  the  red  end  of  the  spectrum  came  from  hydrogen  at  still 
higher  levels.  The  spcctrohcliograms  made  with  this  line  early 
in  i<)t»S  raised  this  conclusion  from  an  assumption  to  a  demon- 
strable fact,  confirmed  the  earlier  hyimthesis  that  many  of  the 
flocculi  were  jirominenccs  in  projection  on  the  disk,'  and,  fur- 
ther, clearly  revealed  a  "vortex"  structure  in  the  atmosphere 
above  the  sun-spots. 

It   is   this  vortex   structure  that   has   chiefly  engaged   Mr. 
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Half/s  attention  in  the  researches  his  heahh  has  peniiitted  in 
the  i»a>t  seven  years — an<l  the  remarkable  discoveries  he  has 
::ia«le  and  the  conchisions  to  which  he  has  been  led  fonii  one 
of  the  brilliant  chapters  in  the  histor}'  of  solar  research. 

The  theory  that  sun-spots  are  in  some  manner  the  manifesta- 
tion^ of  cyclones  or  vortices  in  the  Sun's  atmosphere  is,  of 
ciuir>e.  no  new  one.  It  is  the  proof  that  is  new.  New,  too.  is 
ihe  <levelo])ment  from  these  observations  that  sun-spots  arc 
the  centers  of  majjnetic  fields.  This  was  suj^j^ested  by  Mr. 
n  M.i:  in  his  first  |)ai)er  on  "Solar  \'ortices/'  which  also  pointed 
«mt  the  TnetluMls  to  use  in  testinij  the  hypothesis.  Here,  aj^ain. 
he  -^bowH  his  alertness  to  utilize  everv  advance  made  bv  workers 
m  other  fields,  for  it  was  by  showinj^  thtit  the  s|>cctra  of  sun- 
sjmts  exhibit  the  doublin^^  and  triplinp^  of  lines  an<l  the  polariza- 
ti<»n  phenomena  which  Zkkmax  in  his  lalwratory  researches 
had  proved  to  Ik!  the  <lis!inj>uishinp^  characteristics  of  the  spec- 
trum of  a  lii^ht  source  placed  in  a  mapietic  field  that  Mr.  Hai.k 
\\a»-  able  to  confimi  his  hyphothesis.  To  jkiss  from  this  to  the 
attempt  to  detect  the  presence  of  a  ji^eneral  mapictic  field  in 
the  Sun  was  to  him  the  natural  next  step.  Kven  to  men  so 
^killed  m  ex]KTimentation.  so  resourceful  in  devisinp^  new 
T?ietb(KU  and  so  well  ec|uip|)ed  with  powerful  apparatus  as  are 
iiur  medali^^t  and  his  colleagues,  this  research  presents  extra- 
f>p!inary  difficulties.  Nevertheless,  success  is  crowninj^  their 
eiYorts.  and  it  has  l)cen  proven  that  the  Sun,  like  the  luirih. 
i<  a  trreat  maj^ct.  The  latest  results  even  jjive  a  value 
fi»r  the  inclination  of  the  Sun's  magnetic  axis  to  the  axi*^  of 
rotation  and  indicate  that  the  fonncr  axis  revolves  about  the 
Litter  in  a  very  short  period. 

Mr.  Hai-k  subscril)es  to  IIkrsi  iiki/s  <lictum  that  "lo  draw 
not  only  certain  conclusions,  but  also  conjectural  views"  from 
«ib<er\ation»i  is  "the  verv  end  for  which  onlv  observations 
«iught  to  l)e  made."  He  is  very  careful,  however,  to  di*^- 
criminate  Ixrtween  apixircntly  certain  conclusions  and  purely 
conjectural  views  in  which,  as  he  says.  **we  must  l)e  constantly 
•  in  our  guard  against  specious  resemblances."  Always,  more- 
over, he  takes  i^ains  to  |X)int  out  the  lines  and  method^  of  re- 
'^arch  that  provide  critical  tests  for  his  hy|>otheses.  antl,  like 
everv  tnie  man  of  science,  he  stands  rea<lv  to  al>andon  even  hi^^ 
most  cherishe<l  theories  when  new  evi<lence  turns  against  them. 


24  Publications  of  the 

It  has  been  my  object  to  show  that  "continuity  of  purpose 
and  a  definite  scheme  of  research,  bringing  a  variety  of  methods 
to  bear  upon  a  common  end."  have  been  the  distinguishing 
characteristics  of  all  of  our  medaUst's  work.  I  need  hardly 
apologize  for  omitting  even  the  mention  of  many  of  his  hn- 
portant  contributions  to  knowledge,  for  as  long  ago  as  I904. 
in  his  address  in  awarding  Mr.  Hale  the  Gold  Medat  of  the 
Royal  Astronomical  Society,  Professor  Turner  said  that  "to 
attempt  to  follow  the  activities  of  such  a  man  during  a  dozen 
years  in  the  space  allotted  to  this  adtlress  would  be  merely 
bewildering."  What  woidd  it  be  now  afier  eleven  additional 
years  of  activity !  It  is  enuf  if,  in  my  incomplete  and  very  im- 
perfect sketch.  I  have  shown  that  our  medalist  has  indeed 
rendered  "distinguished  services  to  astronomy." 

He  woidd  not  have  me  close,  however,  without  definitely 
pointing  out  that  he  has  not  been  the  only  successful  worker 
in  solar  research  in  the  past  quarter  century.  He  would,  I  am 
sure,  wish  me  to  remind  you  that  Mr.  Evershed,  in  England, 
began  work  with  the  spectroheliograph  within  a  few  months, 
and  M.  Desi.andres,  in  France,  about  a  year  after  the  time 
when  his  own  first  success  was  achieved,  and  th.it  they  and 
many  others  have  been  most  active  in  exlendini;^  our  knowl- 
edij;c  of  the  comjilicated  phenomena  of  the  Sun.  Xor  would 
he  hrivc  me  fail  to  rtiiiiud  you  of  the  value  of  these  resc.irchcs 
to  him  in  his  own  work,  and  of  the  great  assistance  rendered 
bv  hi*  oolleaiiues  I  es]»ecially  by  Er.f.iiH.M  an.  who  was  with 
him  al  the  Kenwood  as  well  as  the  Verkes  Observatory,  and 
wiio  was  the  first  to  go  with  htm  to  Mount  Wilson! .  for  he 
has  ever  been  the  firsi  to  recognize  the  merits  of  any  research 
by  others  and  to  acknowledge  his  own  indebtedness  to  others. 
In  his  letter  accei>ting  the  awaril  of  the  Rruce  Meflal  be  writes 
that  "credit  for  the  work  of  l)oth  the  Mount  Wilson  and  the 
'I'erkes  ( Ibservatories  is  due  in  very  lar^e  deirree  to  my  present 
and  former  colleagues."  and  in  a  later  jiersonal  letter  he  re- 
iterates lliLs  statement.  In  the  latter  he  also  voices  his  hope 
never  to  leave  the  work  at  Mount  Wilson,  and  says  "my  one 
desire  is  for  an  oi>])orliinity  to  iiush  forward  my  investigations 
with  effective  instrumental  means." 
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Mr.  Hale,  in  con?<*^o«»c  of  condhxxif  broGi:h5  abcc:  by  ihe 
European  war.  the  Unscc  <jo!  i  Medial  or-Sere^i  for  yoc  fn«n 
the  Pari^  Mint  ha>  noc  yet  reached  cs.  I  therefore  hand  you 
thi*»  bronze  repHca  in  token  of  the  award,  the  hii:he>t  honor 
within  the  sift  of  our  Society. 

W'e  all  join  in  the  earnest  hope  that  loni:  years  of  health  ami 
^trenjjth  riiay  be  irrantei  you  to  irrprove  the  >p^endid  oppor- 
tunity which  lie<  before  yot;  and  which  yoc  yourself  have  done 
^o  much  to  create. 


t 
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PLANETARY   PUENOMEXA   FOR  MARCH  AND 
APRIL,  1916. 


New  Moan  ..  Mar.    3,    7''58np.M.  New   Moon.. .Apr.    2,  giiai™ 

First  Quarter    "      II,  lO  .13    a.m.  First  Quarter  .    "      10.636 

Full  Mooti . .     ■■     19,    9  27    A.M.  Full  Moon "      17,  9     7 

Last  Quarter     "      ^6.    8   22    a.m.  Uisl  Qviartcr..    "      24,  2   38 


The  vernal  ecjiiinox.  the  time  when  the  Sun  crosses  the 
celestial  enuator  from  south  to  north,  occurs  March  20.  2"  47"" 
p.  M.,  Pacific  Time.  As  the  trojHcal  year  is  about  six  hours 
longer  than  365  days,  the  ec|uino.x  in  1917  will  come  about  six 
hours  later ;  the  same  phenomenon  will  be  repeated  in  1918  and 
1919,  but  in  1920,  the  next  leap  year,  with  the  extra  day,  Feb- 
ruary 29,  the  time  of  equinox  will  drop  back  to  nearly  the  time 
for  the  present  year.  As  igoo  was  not  a  leap  year  the  date 
of  The  equinox  durinjj  the  latter  pan  of  the  last  ceniury  was 
about  one  clav  earlier  than  it  now  is. 

Mciriii-y  i<.  a  moniinj;  star,  reaching;  it^  greatest  westcni 
cioufjation.  27-  6'.  on  M;ireb  1.  It  then  rises  about  an  hour  and 
len  minutts  before  >unrise  and  may  be  seen  in  the  early  luorn- 
in^i  twilight  if  the  atmospheric  conditions  are  ^ood.  The 
elonj,'ation  is  considerablv  £,'reater  than  the  averajje,  as  it  oc- 
curs only  eiybt  days  before  aiibelion.  The  occasions  for  naked- 
eye  visibility  of  Mciriiry  as  a  morning  star  durinj^  the  winter 
months  are  not  common.  .After  t;realcst  west  elonj;ation  the 
apiJarent  distance  l>etween  i>lanft  ami  Sun  gradually  diniiiushes 
until  superior  conjunclion  is  reached  on  April  14.  The  planet 
then  becomes  an  evening;  star  and  moves  eastward  and  north- 
ward relative  to  the  Sun  rather  rapidly,  so  that  by  the  end  of 
the  monih  it  remains  al>ovc  the  horizon  considerably  more  than 
an  hour  after  >unset,  and  it  will  be  an  ea-y  object  to  see  in  the 
eveniii<j  twiliL;Iit.  This  condition  will  continue  durinij  the 
R-realcr  part  of  May.  Mercury  and  Craiiiis  are  in  very  close 
conjunction  March  4.  5  i'.  m..  Pacific  Time,  the  former  beiuR 
only  8'  sovitb  of  the  latter.     It  will  then  be  full  daylight  in  the 
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I'niteil  States,  but  they  will  still  be  quite  close  together  on  the 
following  morning. 

/  cntts  i^  an  evening  star  thruout  March  and  April,  in  a  very 
favorable  jwsition  for  observation,  l)cing  alxjve  the  horizon 
more  than  three  hours  after  sunset  on  March  i,  and  this 
interval  is  increased  to  almost  four  hours  by  the  end  of  April. 
The  apparent  distance  between  planet  and  Sun  gradually  in- 
cria^cs  until  April  24,  when  the  planet  reaches  greatest  east 
clonj^ation.  45^  y/.  The  planet  will  then  set  a  trifle  more  than 
tour  hours  after  sunset,  an  unusually  long  interval,  due  to  the 
combination  of  greatest  elongation  with  a  position  considerably 
north  of  the  Sun.  This  last  is  notablv  enhanced  bv  the  circum- 
>tance  that  J'mus  has  just  passed  its  "greatest  heliocentric 
north  latitu<le,"  that  is.  it  is  in  that  part  of  its  orbit  farthest 
alcove  the  I^arth's  orbit.  During  the  two  months'  i)eriod  the 
MUition  of  the  planet  is  67°  eastward  and  19°  northward  from 
the  ea>teni  |>art  of  Pisces  thru  Aries  to  the  eastern  part  of 
7  uiirits.  During  the  early  days  of  April  it  passes  a  little  south 
fti  the  Pleiades. 

Mars  has  l>egim  to  lose  the  brightness  which  it  had  at  op- 
|K)>iiion  in  I'ebniary.  but  is  still  quite  conspicuous  and  remains 
in  go<Kl  |)osition  for  observation.  On  March  1  it  sets  a  little 
tiefore  sunrise  Its  setting  lime  comes  earlier  and  earlier  each 
<Liy.  but  the  change  is  small,  so  that  by  the  end  of  April  it 
rctuains  alx)ve  the  horizon  until  nearly  2  .\.  m.  L'p  to  March 
22  it'*  motion  among  the  stars  is  slowly  westward,  about  3 '. 
It  then  l)egins  to  move  eastward,  so  that  by  the  end  of  April 
it  will  have  moved  a  little  more  than  j^.  Its  eastward  path  is 
>outh  of  the  westward,  and  on  April  30  it  will  Ik  about  2"  30' 
>outh  of  the  position  it  held  on  Febniary  16.  It  moves  from 
the  constellation  Cancer  into  Leo,  and  at  the  end  of  .\pril  is 
aliout  S*  west  and  north  of  /?r.c»</MJ.  the  princiixil  star  of  the 
constellation.  I'Vom  the  first  of  March,  when  its  brightness 
i^  only  a  little  less  than  it  was  at  opposition,  up  to  the  end  of 
April  its  brightness  diminishes  nearly  one  an<l  one-half  mag- 
nitudes; but  even  at  the  latter  date  it  will  still  l>e  nearly  twice 
as  !)right  as  Kej;;ulus,  the  first  magnitude  star  near  it.  Its  dis- 
tance from  the  luirth  increases  from  hj  to  no  millions  of  miles 
during  the  two  months.     On  April  10  its  distance  from  us  is 
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equal  to  the  Earth's  mean  distance  from  the  Sun.  The  planet 
reaches  if.  nphelion,  the  greatest  distance  from  the  Sun.  on 
March  3. 

Jupiter  on  March  i  sets  not  quite  two  hours  after  sunset 
but  the  more  rapid  apparent  eastward  motion  of  the  Sun  among 
the  stars  causes  the  distance  between  planet  and  Sun  to  dimin- 
ish rapidly  and  conjunction  occurs  on  April  i.  As  Jiif'ilfr  is 
in  the  ])an  of  its  orhit  farthest  south  from  the  plane  of  the 
Earth's  orbit,  the  planet  will  not  pass  behind  the  Sun,  but  about 
1°  to  the  south.  Jupiter  will  now  be  a  morning  star  and 
apparently  recede  from  the  Sun,  but  will  also  be  several  degrees 
south  of  the  Sun,  so  that  the  interval  between  the  rising  of  the 
planet  and  sunrise  will  increase  rather  slowly,  being  less  than 
one  hour  on  April  30,  and  the  planet  will  not  be  an  easy  naked- 
eye  object  until  well  into  May. 

Saliirii  remains  in  good  position  for  evening  view  thru 
March  and  April.  It  does  not  set  until  about  three  hours  before 
sunrise  on  March  i.  It  sets  about  four  minutes  earlier  daily, 
until  by  the  end  of  .April  its  setting  time  is  about  half  an  hour 
before  midnight.  Until  March  11  its  motion  is  westward  in 
the  ciinsiellation  Gemini.  It  then  resumes  its  eastward  motion 
and  by  ibe  cud  of  April  it  is  in  nearly  the  same  position  il  oc- 
cupied ul  the  end  of  January.  It  lies  several  dcirrces  sniitli  and 
west  of  Caslor  au<l  PoUiir.  the  principal  stars  of  the  constella- 
tion (iriiiiiii.     Tlic  ai>i)earance  of  the  riut,'.;  is  about  the  same 

f'rainis  is  a  lunrninr;  star,  risin;^  ain>iil  5"  40™  a,  m,  on  March 
I.  and  four  hours  t-avlier  on  .■\|>ril  30.  It  i-  not  in  a  very  good 
position  for  i<lentificatiou.  beinj:^  in  ralbcr  a  barren  rci^dou  on 
the  border  line  l>ctwecn  Cn[>ncor)i  and  .iqtiarius. 

Xcfl'Dic  is  in  the  evening  sky  in  the  constellation  Cancer. 
but  cannot  be  seen  witbout  the  aid  of  a  telescope. 


-.*■>:»  %Su^-»^i 
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iRmi'Lj:  i>nii  SpEitTWttcopic  Hixabv  Orbits  of  Suaix  Ec- 
''  fKSTlicrrv  ANii  nut  Systems  Siiowi.nt;  Two  Speciha. 
Tit  the  dctcntrination  of  nearly  circular  5i)ectra«co(iic  orliits 
r  ii.-ual  graphic  and  differential  formidae  become  dtflictdt  of 
i|>licaiHin  for  the  evaluation  of  the  small  ecccniricily  and  the 
iglc  of  jxriartron.  The  present  pa|>cr  contains  new  adapta- 
llit<i  of  the  differential  and  analytic  famudx  for  use  in  the 
of  small  eccentricity.  Moreover,  for  the  ease  when  two 
I  are  visible  so  that  measures  of  velocity  of  Itolh  coin- 
-nt  ma-L!>r«  arc  3\'ailable.  a  new  combination  of  fonniilx 
I  suRKcstcd  for  the  purpose  of  employing  both  velocities  and 
■  the  dcrivTition  of  a  consistent  system  of  elements  of  the 
nponeni  ortnts. 

From  the  two  equation;  representing  the  velocity  in  the  line 

I  sight  of  the  two  ma^«es  respectively  of  a  binary  system  are 

ri«-ed :  first,  the  equation  containing  as  unknowns  the  radial 

)city  tif  the  center  of  mass  and  the  ratio  of  mas5cs ;  second. 

;  c«|Uation  containing  the  oH>ital  elenient>.    The  first  etjua- 

1  and  the  differential  of  the  .second  have  been  adajAed  to 

ivciiieni  application  and  computation  and  into  both  may  be 

I  simultaneously  the  ineasure<l  vclocilic*  ()f  both  cnm- 

ciit  mawcs.     The  resulting  series  of  equations  arc  to  be 

Rtlvrd  by  least  sc|uares  for  the  quantities  mentioned.     For  the 

Kmsc  of  very  small  eccentricity,  the  second  e(iualion  has  been 

:veIopcd  analytically  into  a  particular  form  of  rouricr  series 

*  of  ihc  small  eccentricity  and  multiple*  of  a  phase  angle 

4(oned   from  an  arbitrary  cikoch.     An  endeavor  has  been 

nlc  to  include  all  second  order  terms,  but  the  re>ult  *hows 

imly  part  ut  these  may  he  rctaineil  in  a  Icart  squares  sohi- 

Special  adaptations   for  convenient  computation   have 

I  intnuHicefl.    TTie  total  result  is  a  form  of  rigorous  solo- 
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tion  by  least  si|iiaros  for  the  eccentricity  and  the  angle  of 
pcriri-ilron  without  a  preHminary  assumption  of  their  values. 

The  developments  here  f^iveii  were  suggested  by  the  prob- 
lem presented  by  the  qjectroscopic  binary  z\  Eridani,  which 
shows  two  spectra  the  measures  of  which  indicate  nearly  cir- 
cular orbital  motion.  Altho  the  method  recjiiires  more  than 
usual  accuracy  in  the  observed  velocities,  it  has  been  applied  to 
this  binary  system  for  the  purpose  of  illustration.  The  results 
together  with  a  discussion  of  the  physical  constants  of  the 
system  are  given  in  the  following  paper. 

This  paper  has  been  published  in  full  in  Lick  Observatory- 
Bulletin,  No.  274.  G.  F.  Paddock. 

The  Spectroscopic  Binary  r,ERiD.\.\-;. 

The  binary  system  of  r, Eridani  gives  two  equally  bright 
spectra  of  Qass  Bg.  The  hydrogen  line  Hy  at  4340A  is 
.strong  and  broad  and  not  always  measurable.  The  magnesiiun 
line  at  4481  A  is  strong  and  fairly  well  defined.  Many  faint 
lines  are  visible  on  those  plates  on  which  the  two  spectra  are 
coincident.  From  one  of  these  plates  the  wave-lenj^ths  and 
iilenlificalion  of  40  lines  were  determined,  showiuij  that  the 
siiectnini  contains  besides  hyrlrogen  the  enhanced  lines  of  iron, 
titanium,  maufjane^e,  chromium,  and  inagnesiutii.  The  s]icc- 
truni  is  essentially  Sirian. 

Of  the  Cm  ]il;ites  obtained  of  this  binary,  50  showed  the  two 
magnesium  lines  at  4481  .\  distinctly  seiiarated.  The  mca'^ure< 
of  these  alone  were  used  for  the  solution  of  the  orbit,  which 
was  obviously  nearly  circular,  l-'or  the  derivation  of  the  small 
eccentricity  and  nearly  indetcnuinate  angle  of  periastron.  the 
analytic  formuke  of  the  ])reccding  parer  were  employed.  The 
circmnstance  that  ihe  observed  velocities  were  not  .sufficiently 
accurate  for  the  application  of  these  formula:  was  set  aside  in 
onler  to  illustrate  the  methods.  Two  least  sc|uares  solutions 
were  [>crformed.  one  for  the  velocity  of  the  system  and  ratio 
of  the  mas>es,  and  one  for  the  orbital  elements,  with  the  result 
that  the  elements  are  i^iveu  for  the  system  and  for  each  com- 
ponent mass  on  a  consi>tent  basis.  .\  comparison  of  these 
elements  with  tbo>e  of  other  binary  systems  shows  that  this 
system  is  one  of  average  and  nonnal  values. 
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The  star  is  not  far  from  the  Antapex  of  the  Sun's  motion 
an*!  the  ob>enctl  velocity  of  the  sy>tem  is  practically  that  due 
to  the  >olar  motion.  The  density  is  not  improbably  low  like 
tlwi  of  the  eclipsintj  systems.  The  parallax  is  unknown,  but 
«»n  the  lKisi<  of  Plimmkr's  hyjKjihetical  parallaxes  for  Gass  A 
"^tars.  :♦,  P.ndijui  ha<  a  parallax  of  o/'o3  and  is  one  of  a  star 
^^mup  of  similar  *»|>ectral  class  and  similar  motions.  On  the 
Ui'^i'*  of  a  prol>able  orbital  inclination,  low  density,  and  the 
hyiMithetical  [larallax.  the  physical  >ysiem  of  7\  Eridani  may 
he  thuN  <Ie>cribel :  The  com|)onent  niasses  are  somewhat  less 
!:ia-^ivc  but  ^lij^^htly  larjjer  than  the  Sun,  havinjj  an  intrinsic 
himino^ity  at  least  eii;hl  times  that  of  the  Sun  and  a  total 
himinu*»iiy  of  prol>ably  not  less  than  thirty  times  that  of  the 
.^un. 

rile  princijial  elc'uents  are: — 

/'  =5.010  clays 

"'2/  =098.^ 

c  =0.01  ^ 

k ,  =  64.8>^» 

<  •',  -r  »i.. »  >in  I  =  8800000**™ 

This  j>ai)er  has  lieen  published  in  full  in  Lick  ( )bser\alory 

I>nlletin.  \o.  274.  G.  F.  rADixuK. 

\kw  Lh.iit  Klemkxts  .\xd  Revised  Oriut  of  L'ZCvcni. 

The  (luhlication.  in  the  second  |>art  of  \'olume  69  of  the 
Hanard  Annals,  of  more  than  3000  observations  of  eclip^inJ:^ 
variable  stars  |)ermits  the  revision  of  many  of  the  orbits  pub- 
li>hed  by  the  writer  a  year  aj^o.*  The  obser\'ations.  which  were 
made  during  the  years  1903  to  191 2  by  Professor  Wendell 
with  a  sliding-prism  |X)larizinjj:  photometer,  represent  the  best 
vi>ual  phototnetric  work  in  existence,  the  probable  error  of  a 
sin^e  set  of  measures  remaining  consistently  but  a  little 
greater  than  it  0.03  niajj.  i>omc  points  of  general  interest  to 
variable  star  workers  arise  in  the  course  of  the  revisions  and 
are  suitable  for  brief  mention  in  these  notes;  the  detailed  re- 
vision will  be  publishe<l  elsewhere. 

^  L  omtr%bttltom»  from   the  PriHCcton   I'mntftity  Ohtfrtatery.   So.   j. 
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The  star  UZ  Cygtii  is  out  of  the  ordinary  in  the  length  of  hs 
period,  its  rather  low  tlensity  for  an  A-type  star  (o.oi  in  terms 
of  the  Sun),  and  in  its  probably  very  great  distance  from  the 
solar  system  (hypothetical  x:^o".ooo4).  Each  eclipse  lasts 
3.5  days  and  the  small  bright  star  is  totally  obscured  for  24 
hours. 

The  new  series  of  observations  can  not  be  satisfied  by  the 
light  elements  due  to  Pickering,  nor  by  the  closely  similar 
formula  deriveil  by  Hartwig.  The  following  revised  elements 
represent  them  satisfactorily,  and  also  the  earlier  Harvard 
series  (Vol.  69,  part  I) : 

Min.  ^  J.  D.  2415868.930 -f  3i*'-3o8-E. 

Hartwig  announced  in  1904  a  secondary  minimum  of  four- 
tenths  of  a  magnitude-  and  gives  annually  an  cphemeris  for 
it  in  the  Katalog.  .-^s  the  range  of  variation  at  primary  is 
1.86  mag.  (revised  value),  such  a  secondary'  is  inipo^^sible  on 
the  eclipse  hypothesis,  which  permits  one  of  at  most  but  a  few 
hundredths  of  a  magnitude,  Wendell's  observations,  which 
are  nearly  contemporary  with  Hartwic's  announcement,  con- 
firm the  absence  of  an  appreciable  secondary,  which,  for  a 
circular  nrliil.  should  come  at  ]ili;ise  15.7  day-;.  The  normal 
nia,^nitii(lc-  ;il  iiha^cs  1,^.2,  14.-.  15..^,  and  10.7  days  are  10.24, 
10.33.  io._").  and  lo.jR.  rcsiicclivcly.  while  15  other  observa- 
tions i^ive  for  the  mean  ina.ximum  magnitude  I0.2'j  z-  0.02. 

'i'hc  rcvi-e.l  |iholomctric  orbit  differs  very  little  from  that 
oii-iiKillv  i.-ii)n|iuteii,  excciit  thul  the  inclination  i>  <)o"  for 
both  -nnihinn"  [uid  "darUencd"  suUitiiiiis.  and  the  -imiform" 
<lensiiius  arc  .-li.i^htly  increased.  The  dcn.-ity  of  the  fainter 
coniiiiiiunt  is  less  than  one-lliousandth  that  of  the  Sun,  Its 
spuctruni  is  luikiiown.  but  an  attempt  will  Ik  made  at  Mount 


.\i:,>^ni.rTi:  M,\i, NnroK  .\m>  Cor.oR  of  a  \"!-:kv  Fai.vt  Star, 

In  tile  ]ircccditig  riumbef  of  these  Piiblii'alio)is  1  December, 
11)15  ).  "'■■  ^  ^^'  M^\N"i',N  announces  the  <li-cuvery  (if  a  faiul, 
distant  com]ianian  to  the  large  proi>er  motion  star  I'l.  2''i2i. 
The  coinciilence  of  the  direction  and   amount   of  the   proi>er 
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in<iti«ms  makes  it  practically  certain  that  the  two  form  a 
I'liysical  jKiir.  and  we  may  use  the  known  parallax  of  the 
briu:luer  ^lar  to  iletennine  tlie  absolute  mas^nitude  of  the  fainter 
a**  MM  III  a<  the  apparent  majin^itude  of  the  latter  is  measured. 
I  localise  of  the  im|K)rtance  of  knowinj^  the  intrinsic  luminosity 
and  sjHx'iral  ty|)e  of  such  stars,  a  series  of  observations  has 
l>cen  made  with  the  ()oinch  reflector  for  the  pur|X)se  of  de- 
tcnninini;  the  maj^itude  and  color  of  the  faint  companion. 

The  plates,  each  involvinj^  a  |X)lar  comparison,  are  as  fol- 
lows : — 

No 

2>^3i 
2H.U' 

2S4S 
2>^4** 

'Ihc  maj^nitudes  have  been  corrected  for  atmospheric  ex- 
tinction. 

The  adopted  photojj^raphic  majjnitude  is  13.24,  the  photo- 
vi'^ual  11.50.  and  the  resultinj^:  color  index,  -j-  1.74.  corre- 
^IhmkU  to  color  da.ss  W14.  The  relation  l>etween  color  and 
sjHrctrum  for  stars  as  red  as  this  is  not  <lefinitely  detennined 
for  the  Mount  WiKon  photometric  system.  Provisionallv,  at 
leaM.  wc  are  justified  in  assuminij:  that  the  sinrctrum  of  the  star 
i<  not  bluer  than  ty|)e  M. 

As^uminj^  as  the  parallax  of  this  star  the  weighted  mean  of 
the  valuis  derived  bv  Flint,  and  S.Mirir  and  Klkin  for 
ri.  yij^.  the  absolute  photovisual  map^nitude  is  12.3  it  0.7. 
the  proliable  error  includinj^  the  larp^e  uncertanties  in  the 
|>arallax  and  the  errors  in  the  mai^iitudes.  The  luminosity  of 
the  >tar  i**  only  one-thousandth  that  of  the  Sun.  It  is.  there- 
fore, one  of  the  faintest  stellar  objects  on  record. 

IIari-dw  SnAPi.KV. 

TiiK  .^riRAi.  Xkhlla  MESSIKR33. 

A  34^. .-hour  s|>ectrum  of  the  brij^ht  knot  10  minutes  of  arc 
nf  the  nucleus  of  Messier  t^t^  was  ot>tained  with  the  ^>o-inch 
( 'a>scj;rain  spectroj^raph.*  u<ini^  a  short  focus  camera  of  which 

■  "KaiImI  VcliKitici  »»f  A  .\chul«.*'  pHhticattons  oi  tkf  Aitronomnal  Sottrty  6f 
the  /'ill  in  I .   Ilecrmber   K115. 
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the  scale  is  Hy  —  K  —  7""".  Three  bright  lines  only  appeared, 
5007,  Hfi,  Hy.  from  which  Mr.  Adams  obtained  a  radial  ve- 
locity of  — a^S*".  All  exposure  of  29  hours  on  the  nucleus 
with  the  same  instrument  gave  an  extremely  weak  plate,  from 
which  it  was  deduced  that  the  spectrum  was  continuous. 

A  small  spectrograph  was  next  constructed  to  work  at  the 
Cassegrain  focus,  using  an  i8-iiich  collimator,  a  39"  O  loa 
prism  and  a  Dallmeyer  cinematograph  lens  ( F/A  ^  1.9)  of 
3  inches  focus.    The  scale  is  Hy  —  K  —  o.g""". 

An  exposure  of  ^2  hours  early  in  December  gave  a  ver>' 
strong  spectrum  of  the  nucleus  together  with  a  fair  s^sectruin 
of  the  nebula  itself  for  a  distance  of  a  minute  of  arc  on  either 
side.  The  siiectnmi  of  the  nucleus  is  about  F,„  and  that  of  the 
nebula  appears  to  be  of  the  same  type.  Measures  of  this  plate 
by  both  Mr.  Ar).\M.s  and  Miss  Burwell  gave  a  radial  velocity 
of  the  order  of  —  70"'". 

Unfavorable  weather  has  prevented  the  obtaining  of  spectra 
of  other  knots  to  detennine  whether  there  is  a  progressive 
change  in  type  from  the  nucleus  to  the  edge  and  also  whether 
or  iiol  the  difference  in  velocity  means  a  rotation. 

TiiK   I'aham.w  ok  61  CVONE. 

F.ighteeu  exposures  made  at  the  So-foot  focus  of  the  ()0-inch 
n'dcctiir  give  as  the  relative  parallaxes  and  ]iroper  motions 
of  the  com])onents  of  the  well-known  double  star  Cii  Cy^'ii: — 
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To  foiivcrl  the  relative  values  into  absolute  parallaxes  we 
should  add  about  o".oo2.  The  absolute  (larallax  determined 
hy  K.\rTi;v\  from  the  results  of  several  observers  (Gron.  Pub,. 
\o.  24I  is  -+-o".,^ll.  ISdss  gives  as  the  proper  motions  in 
a  -*•  4."i64  and  -f  Y'.\t,2.  respectively. 

A.  VAN   Maankn. 
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Note  ON  Comkt  r  11)15  (Taylor.) 

1  omct  e  H)i5  was  first  ohsened  by  Mr.  Taylor  at  the  Cape 
Ml  docxl  Ho|x*  on  December  2nd.    The  news  of  the  discovery 

m 

\\i\^   cabled   to    Knji^land   and    reachc<l    Harvard   Observatory 
-4»!:ic\\hat  delayed  by  the  activities  of  the  censors. 

I'hc  first  obser\ation  in  this  country  was  made  by  Ik'RTo.v, 
at  the  r.  S.  Naval  ( >bser\-atory.  on  December  6th.  On  the 
TKxt  ni:.:ht  AiTKKN  at  Lick.  \'an  IWkskrokck  at  Verke<,  and 
\\  II  Si  \  at  Xorthfield.  obtained  measure^  of  its  |)osition.  Thus 
far  twenty  observations  have  been  receive  1  at  the  Students* 
t  >!>^cr'.  atorv.  seventeen  of  which  were  made  by  the  observers 
ranged  alM)ve.  the  other  three  by  Messrs.  (Irkkn  and  Sanfori> 
at  the  Lick  Observatory. 

\  |)reliminar\'  ]\iral)olic  orbit  was  computed  at  P>erkeley.  by 
Misv  SiiMiiK  11.  Lkvv  and  Mr.  C.  D.  Shank,  and  was  tcle- 
L:raphc'l  to  Harvanl  Collej^e  Observatory.  It  is  published  in 
H.  C  ( ).  I»ulletin  No.  ^i)^.  This  orbit  was  Ixised  on  one-dav 
iniervaN.  The  ijeocentric  motion  was  unusually  slow  and  the 
Mr!»it  wa>  corres|>ondinf;;ly  uncertain. 

A  «»econil  orbit  was  attem]>te<l  by  the  undersij(ne<l.  Iiased  on 
an  eii^ht-day  arc,  also  on  the  parabolic  hypothesis.  It  was 
!<»nn  I  impossible  after  repeated  trials  to  secure  a  satisfactory 
repre**entation  of  the  observations.  The  nm  of  the  residuals 
^hnwed  (juite  definitely  that  a  paraliola  would  not  yield  satis- 
factory representation. 

The  next  orbit,  tho  l>ased  on  the  previously  computed  fKira- 
Uila.  was  without  assumption  as  to  eccentricity.  It  wa*^  l>ased 
on  an  arc  of  eleven  davs.  This  or!)it  furnished  a  satisfactory 
rci>rescntation  of  the  obser\'ations.  The  resultinj^  elliptic  ele- 
nx»nts.  toj2jether  with  an  ephemeris  to  February  1st.  are  cjiven 
in  L.  O.  I  bulletin  \o.  2jCk 

The  nearest  approach  to  the  I'iarth  occurred  on  the  3d  of 
January,  when  the  comet  was  ^r>.ooo,(xx>  miles  distant.  The 
nearest  approach  to  the  Sun,  or  the  i>erihelion  iKi^saj^e.  will 
take  idace  on  lanuarv  j8th.  when  the  comet  will  be  at  a  <lis- 
tance  of  135.000.000  miles  from  the  Sun.  Its  briji«:htness  is 
-lowly  <lecreasinj^  and  is  such  that  on  the  ist  of  Febniar\'  it 
will  Ik'  alMJUt  nine-tenths  as  brii^ht  a<  it  was  tin  Deceml)er  13th. 
when   it   was  of  abotit  the  eleventh  mapiitude.      It   will  be 
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favorably  situated  for  some  time,  however.  It  i-  moviny 
north,  and  is  near  opposition  to  the  Sun.  'Aitke.v  states  thai 
the  comet  has  a  well -defined,  tho  faint,  nucleus  and  that  it  is 
brighter  photographically  than  visually. 

The  major  axis  of  the  orbit  of  about  280,000,000  miles,  would 
indicate  that  the  comet  is  a  member  of  the  Jupilcr  group.  The 
eccentricity  is  approximately  0.5,  the  inclination  to  the  ecliptic 
14'',  the  longitude  of  the  ascending  node  114'',  the  longitude 
of  the  i>enhelion  107°.  and  the  revolution  period  5.3  years. 

It  is  hoped  that  the  comet  will  be  observed  as  long  as  pos- 
sible, as  its  elliptical  character  gives  it  unusual  interest.  Tlius 
far,  no  identification  with  a  previously  known  comet  has  been 
made,  but  it  is  not  impossible  that  this  may  be  done  with  a 
more  definite  orbit.  H.M.  Jkf'fkr.'*. 

Ferd.  J.  Nel-bal-hH. 

Stii bents'  Observatory, 

ItEHKrr.EV,  Caufoknia. 

Personal  Notes.  " 

Dr.  Cu.^HUES  E,  Adams,  Government  Astronomer  of  New 

Zealand,  who  has  been  in  residence  at  the  Lick  Observatory  as 

Marlin  Kello-,-  I'ellow  for  the  i-ast  year.  saiK-d  for  \r«-  Zea- 
!:m-l  on  llu-  Maitai.  -m  January  ;.  ii)i(). 

Dr.  W.  W.  CA.Mi'ni:i,i,  wa>  one  nl  the  tweniy-ont.-  uflicial 
ilelcL;.-ili.-^  of  llif  riiilc<l  Si.lU's  tn  the  ."-lecond  f'an-.\mcrican 
.'^oiciUilic  (  oll^rcs^,  which  Ik-M  ils  ^v"i()us  at  Washinguin  from 
December  27.  1015.  to  Janu.iry  S.  i.ji''.  He  also  -served  ;is  the 
delci;ate  from  ibc  .\mericau  A<-uciatiijn  for  the  .Advancement 
of  -Science,  and,  with  l'ri)fessor  Snr.oN  I.  li.vii.EV.  represenled 
the  American  .Astronomical  Society.  At  the  joint  -ic-sion  of 
the  Congre'is  and  the  American  .\ssociation  held  on  Monday 
eveniuL,'.  laniiarv  .^rd.  Dr.  K.  S.  Woonw.Mii)  presided,  and  Dr. 
Cami'M-.i.i.  i;ave  an  illnstratrd  Ivcture  on  "The  Kvnhuiun  nf  the 
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Mkvsirkmknt  of  the  Ciian<;f:  in  (iRavitv  Catsri)  nv 

THK    MiMiN. 

riio  <liiiiintiti(in  in  ihe  j^ravitatiun  con>iant  <lue  to  the  jkdsi- 
Ti«»ii  of  iho  yitxm  ha«l  never  been  tlirectly  mea>urc«l  nntil  the 
invf^iii:aii<»n>  of  Sc  hwkvi>ar,  <k'vcnlH?d  in  the  |)re>ent  al»tract 

I  U  .  Si  iiwkvdar:  Antiennijj  der  Iniensitai  der  Schwerkraft 
Miirch  «!en  Mond,  Sitz.  kon.  pr.  Akad.  d.  Wis**..  April.  1014). 
thti  indirect  evidence  of  the  extremely  minute  chanj^e  involved 
ha«l  lx.*en  secured  thru  pendulum  experiments.  The  paper  i<  of 
i;ri-at  interest  to  the  astronomer  or  i^eode*^ist.  not  only  l>ecanse 

II  aiTi»rii^  a  direct  connrmation  of  a  |X)int  in  ^ravitati(»nal 
tlie«»r\  and  additional  evidence  l)earin;j^  u|>on  the  qne-^tion  of 
llic  I-arth'^  ctYcctive  riindity.  but  aKo  l>ecau>e  it  i<  an  excellent 
v\.iH:plc  nf  an  ex]>eriment  carried  out  with  exceedingly  simple 
in-irujueniiil  mean'-.  I'or  the  in>tniment  used.  Schmidt's 
L:ra\inifii-r.  i^  ^o  simple  in  its  e^scniials  that  it  could  doubtless 
K-  riij^ed  up  in  a  few  hours  in  any  <mall  lalK>ratory.  It  con- 
sists of  a  disk  alnnit  two  and  a  half  inches  in  diameter,  pro- 
vi'le-l  with  two  small  hooks  at  fK>int<  iSo'  apart:  fa<tene<l  to 
the  middle  of  the  cljsk  on  the  under  side  is  a  small  weiiiht  of 
alN«ut  twelve  ounco.  The  di-^k  and  attached  weij^ht  are  sus- 
i»en<le<l  in  a  lonc^  vjlass  jar  by  mean<  of  a  s]>iral  •^prini:  of  steel 
wire  s«»mewhat  over  thirty  inche<  lontr.  To  the  two  <;mall  hooks 
are  attache<l  two  verv  fine  wires,  the  other  ends  of  which  are 
faNtiiied  to  the  walls  of  the  i:la<s  vc^ncI  at  opposite  fKiints. 
siwnewhat  alx>ve  the  plane  of  the  disk.  These  wires  sup|)ort 
a  very  <mall  fraction  of  the  weight  of  the  disk.  If  now  the 
1i>nt^  spiral  ^prinij  i<  twisted  slij^htly  at  '\x<  \\\y\>€r  end  the  disk 
uill  be  slijrhtlv  rotated,  so  that  the  two  fine  wire^  no  lonji^er 
lie  in  the  same  plane,  and  in  this  position  the  apparatus  i'i 
extrar)rdinarilv  sensitive  to  a  small  chanjje  in  the  weic^ht  of  the 
disk  :  any  such  small  chanjre  in  weight  will  oi>eratc  to  rotate 
the  sus|KMuled  system  slij^htly.  a  rotation  which  can  be  read  off 
from  a  l)eam  of  li^ht  retlected  from  a  small  mirror  attached 
to  the  su<f»ended  system. 

.<4i  ^^en^itive  i<  the  j^^ravimeter  that  it  was  necessary  to  place 
it  in  an  nnder^jround  chamlier  eijjhty  feet  below  the  surface. 
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wliere  it  has  l>een  found  that  the  temperature  varies  but  o'.2 
i)er  year,  and  the  records  were  made  by  photographic  means. 
inasmuch  as  the  heat  radiated  from  the  body  of  an  observer 
entering  the  subterranean  chamber  would  affect  the  records 
for  several  hours.  The  apparatus,  furthermore,  acted  as  a 
pretty  fair  barometer;  tho  the  suspended  parts  displaced  less 
than  two  cubic  inches  of  air,  the  difference  in  the  buoyancy  of 
even  this  small  amount  of  air  at  different  barometric  pressures 
showed  very  clearly  and  had  to  be  allowed  for;  even  very 
minute,  short-period  oscillations  in  pressure  as  shown  by  a 
very  sensitive  barometer  were  recorded  ! 

The  observations  extended  over  a  period  of  295  daj-s  and 
agree  well  with  other  investigations  in  placing  the  effective 
rigidity  of  the  Earth  as  two  or  three  times  that  of  hardened 
steel. 

The  results,  in  combination  with  pendiihim  data,  aflford  a 
method  for  determining  the  actual  heights  of  the  lunar  tides 
caused  in  the  elastic  Earth ;  the  maximum  amplitude  of  this 
half  daily  tide  in  the  solid  Earth  is  alwut  four  and  a  hall' 
inches  at  Potsdam.  H,  D.  Cm 

.■\  ■■Pi;inrHi>..vni>N  Maimu-si:." 
The  lidal  theory  is  one  of  exceeding  comiilexity.  and  into  it 
enter  a  multitude  of  interacting  com]X)nents  of  widely  different 
magnitudes  and  periods,  yet  we  know  that  all  the  varying 
effects  of  ap|)rcciablc  inlliiencc  can  be  taken  account  of  and 
combini.'d  into  a  single  tidal  curve  by  that  ingenious  mechanism 
known  as  the  tide-predioiing  nuichine.  \Vc  have  the  tidal  ma- 
chine and  ihc  harmonic  analy/rcr  as  c.Naniiiles  of  what  can  l>e 
done  by  mechanical  means  in  the  solvUion  of  problems  of  great 
complexity,  but.  even  with  siich  examples  before  us.  the  mere 
idea  thai  a  machine  is  possible  which  should  solve  mechanically 
the  iincstion  of  the  i)erturb;iti(ms  of  a  |)lane!  over  long  ]>eriods 
of  time  is  something  of  a  strain  on  the  credulity  of  any  who 
realize  how  coniiilicateil  are  the  matbeniatical  processes  and 
how  exteniled  arc  the  computalions  involved  in  this  department 
of  celestial  mechanics.  At  the  present  rate  of  discoven,-  it  will 
Ik-  only  n  few  years  before  the  number  of  minor  planets  known 
will  pa>s  the  thousand  mark,  and  the  labor  of  "keeping  track" 
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of  the  oxh\x<  of  all  these  objects  has  already  become  so  great 
that  it  ha>  l)een  more  than  once  sujjpestecl  that  the  only  pos- 
sible cmirse  for  the  astronomical  world  is  to  admit  itself  beaten, 
let  the  le^s  interesting^  men)l)ers  of  the  asteroid  family  drift  into 
<»)>li\i<in.  and  keep  track  of  the  perturbations  and  orbits  of  only 
a  lew  of  the  more  interesting^  planetoids.  If.  on  the  other  hand, 
ue  are  not  to  nejjlect  any  of  these  bodies,  something  in  the 
nature  of  a  "j^erturliation  machine"  would  seem  to  be  an  abso- 
lute nece^'^itv. 

The  I  Ian  and  preliminary  specifications  of  such  a  "perturbo- 
irraph"  have  been  drawn  up  by  Sundmanx.  the  clever  Finn 
whoNC  brilliant  work  on  the  "Problem  of  Three  Bodies"  seems 
to  have  opene<l  a  new  chapter  in  celestial  mechanics :  his  name 
i^  'sufficient  j^iarantee  that  all  the  essential  factors  in  this  com 
plex  problan  have  been  taken  into  account  (*Tlan  d*une  Ma- 
chine destinee  a  donner  les  Perturbations  des  Planetes,"  par 
K  \Ri.  F.  SrNi>M.\N\.  SartPkCk  ur  Festskrift  Tillegnad  Anders 
!>«i\\KR.  MeKingfors.  1015).  It  was  SrsDMAXX  of  whom  Sir 
(»KoR<iK  r,KKF-NHiu.  Said  in  a  Presidential  Address  to  the 
Mathematical  Association  (quoted  from  The  Obscn'ator\\ 
Aui:^.  \n\^)  : — 

**\r»  i]t  r  had  PoiNCARfe  (lcclari'<l  the  Prohlcm  of  the  Three  Ho<lies 

in*«'l:*hU  than  Srxr>M  \NX  showed  h<»w  the  divergency  of  the  series  rc- 
qt'irtd  til  htdd  for  infinite  eternity  of  Time,  past  and  future,  could  be 
curcil  h>  a  simple  chan^^e  of  the  varia!)le." 

The  machine  has  not  vet  l>een  constructed.  This  brochure 
is  devotetl  ^i^ilely  to  a  ^^reneral  description  of  the  plans  for  such 
a  machine,  with  schematic  drawings  of  the  various  por- 
tions: from  these  it  is  very  <lifficult  to  pfet  an  idea  of  the 
machine  in  it>  entiretv  or  to  see  in  just  what  wav  the  various 
jHjrtionN  are  combine<l.  Suffice  it  to  say  that  the  machine  will 
\k  very  complicated,  apfxirently  so  much  so  that  a  tide-predict- 
in;:  machine  ap|K*ars  by  contrast  to  be  a  relatively  simple 
mechani'-ni.  To  quote  Sindm  \nn*s  jccneral  description  of  the 
machine  an<l  its  functions : — 

in  A  mechanism  imitates  the  movements  of  the  |)erturl>- 
inir  an<l  fierturlxMl  planets  in  such  a  manner  that  their  relative 
fHisitions  in  space  are  indicated  upon  the  scale  ^ven  by  the 
relative  iK)Nitions  of  certain  elements  of  the  machine. 
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(z)  AccorJing  to  the  relative  jxisilions  of  liie^i;  elements. 
other  elements  are  constrained  mechanically  to  indicate  by  their 
relative  positions  the  magnitudes  of  the  perturbing  forces,  and 
according  to  the  position  of  this  second  set  of  elements,  a  third 
set  indicates  the  derivatives  of  the  perturbations. 

f  3I  By  combining  these  final  elements  with  integrators,  the 
perturbations  are  obtained,  which  are  recorded  at  the  desired 
epochs. 

(4)  As  the  registered  perturbations  increase  in  the  machine, 
the  position  of  the  perturbed  planet  is  to  be  automatically  cor- 
rected for  the  values  of  the  perturbations. 

The  author  states  it  as  his  belief  that  the  perturbations  can 
be  secured  by  such  a  machine,  accurately  constructed,  to  within 
less  than  one  per  cent  of  their  ma^itiule. 

His  plan  is  to  give  a  sjieed  of  movement  to  the  pcrturbo- 
graph  such  that  one  revohition  of  Jitfiiler  would  take  about  - 
seven  minute?,  so  that  an  interval  of  ten  days  would  correspond  j 
to  one  second.  The  setting  up  of  the  instrument  would  take  1 
about  twenty-five  minutes,  if  made  by  two  ])ersons.  With  the  J 
aid  of  proper  auxiliary  tables  it  shoul<l  be  possible  to  determine  -  ^ 
the  pcrtnrbatioiK  for  all  the  opimsitions  durin?  a  revolution  of 
h,l-i!ri\  i.  c,  fnr  nlMnU  twelve  vcar<.  In  one  hour. 

Il  i-  in  W  h.m-d  that  the  amlii.r  mav  find  it  iK."il,le  In  pro- 
ceed U>  the  i-i)n-trucli(.n  ..I  the  in;>eiiiuiis  niachine  which  he  ha< 
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In  a  leller  Ki  \aniu-.  96,  14,^.  entitled  "Thr  Masxrs  of 
Har.riily  /-'I'^/i.-y  ,uul  ihr  \  r:.tfiiiaii  t\»i.<l,jiii:'  Di-.  1'.  1-:. 
Sham-  v\  the  1  niver-iiv  (.ulleije,  X.^ltin-ham.  (|ue--hnn.-  the 
cou'^tancy  of  the  Xewuinian  -ravilatinn;d  ta.ior  C.  He  be- 
lieve-i.  as  the  resnU  of  certain  exiieriment-  l.v  l^iin-ell.  lliLit  ihe 
gravitational  fiirce  exerteil  by  a  ma^-;  at  a  con-tant  distance 
varies  wiili  it-  leiniierature,  Onotin;.;  a  i)a-.-aL;c  from  Or. 
Sii.\w  V  letter:— 
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"\  have  recently  cnncliuled  a  long  research  on  the  value  of  G  np  to 
2^>'  C.  ami  1  have  found  an  increase  in  that  'constant'  of  about  i  in 
105  jK-r   I'C.     The  full  resuhs  I  hope  to  publish  shortly.** 

The  letter  devotes  itself  chicrty  to  a  consideration  of  the 
inrhtence  of  the  projwsed  generalization  of  the  law  on  the  coin- 
piiie^l  values  of  the  masses  of  the  Sim  and  ])lanets. 

Kttects  such  as  the  one  Dr.  Shaw  believes  he  has  found 
have  been  souj^ht  by  earlier  investi<j;ators  with  negative  residts. 
Hi^  extension  of  the  law  of  .Gravitation,  if  established,  would 
Ik*  m)  far-re.ichinj^  in  its  influence  that  its  importance  could 
hardly  l)e  over-estimated.  It  is  to  be  hoped  that  the  complete 
accoimt  i)\  his  exjKTiments  may  soon  l>e  forthcominjTf. 

W.  ?I.  W. 


A  Faint  Star  of  Larc.k  I'kopkr  ^!()Tl()^^ 
Mr.  K.  T.  A.  Innks  has  Ix^cn  one  of  the  most  enerii^etic 
advocates  of  the  merits  of  the  blink-microsco|)e  "in  pickint^  out 
unusual  motions  or  objects  uix>n  a  pair  of  plates.  In  Circular 
No.  3«>  of  the  Vnion  Obscnvtory  he  p^ves  a  new  example  of 
the  value  of  this  instalment  which  has  resulted  from  the  com- 
|«irison  of  two  photoj^^raphs  of  the  rej^ion  around  a  Centanri, 
taken  at  dates  seiKirate<l  by  5.^^  years.  A  small  star  was  found, 
J  13'  from  a  Centanri,  which  has  a  pro]>er  luotion  of  about 
5"  annually.  The  precise  value  is  slij^htly  in  doubt  l>ecause 
tlu*  imatres  on  one  of  the  plates  are  not  very  satisfactory.  Only 
five  stars  are  known  whose  pro|>er  motions  exceed  this  value, 
and  all  of  them  are  nuich  briv!:hter  than  this  star,  which  has  a 
phoiofjraphic  mairnil"<lc  of  12.0  on  the  Harvard  scale.  Vis 
ually  the  star  ap|)ears  to  l>e  alwut  tenth  maj^iitude.  Its  posi- 
tion for  UfOCi  +  /  is  ^ven  as  R.  .\.  14*"  22"  53"  —  o».65  /.  Decl. 

—  ^2"^   l'.6-f   l''/j/.  R.  G.   .\ITKK\. 


GENERAL  NOTES. 


The  Orbit  of  S  ^026  =  ^'s  G.  C.  Xo.  ;j6/.— In  ihe  .-Istron- 
oiiiischc  Nachrichten.  N'o.  4823,  Professor  Wirtz  publishes  an 
orbit  of  this  binary  star  which  was  found  among  the  papers 
left  by  Dr.  Martin  M.\T2rx^mi.F.  who  \va.s  killed  at  Ypres  on 
November  2,  1914.    The  elements  are: — 

Matzoouff  A(TKKN 

T  =  1907.64  igog.2s 

6,=  i62°.23  303'a 

n=    10.18  2.4 

i=   457.1  504s 

a  =  i'.779  i".s6 

c  =  0.7333  0.66 

P  =  a42''.I0  163.3 

My  own  elements,  given  in  \'olume  XII  of  the  Lick  Ob- 
servatory Publications,  are  jirinted  for  comparison  with  Ma^Z- 
dobff's.  Tho  there  is  a  marked  difference,  especially  between 
the  two  periods,  the  two  orbits  represent  the  observations  to 
1912,  inclusive,  equally  well.  Matzdorff's  elements,  however.  ' 
gave  the  siiiatltT  residuals  for  niv  measure*  in  [(M4  and  for 
WiKTZ's  in  1915.  as  the  followinjf  (inures  ■^how  : — 


orbits  ari'  n^■cl.■^sal 
■k-ar!y  dffine  tlu- 


I'ariaNf  Xchiila  A.  (/,  C.  rt^.'u.-II.  K\...\  Sii.vw  publishes 
111  inlt'rt'stiiij,'  iiolu  iu  nullctiii  Xo.  iCi  of  the  1  Iclwan  Obscrva- 
ory  ill  whifh  he  staK.-.  lliat  ifhotiJi;rai)!is  taken  in  the  years 
'jir-iiji?  havf  ck'fiiiiU'lv  cnntirnifd  the  belief  of  earlier  oh- 
tTvers  that  lhi>  nebula  i-  vari;dik-.  It  i^^  attached  to  (be  ir- 
c;.:ul;u-ly  v.'iriahk'  -lar  K  t'or.^ii,,-  .  his!:-<i!i.i.  and  the  new  ]>hoto- 
;ra|ih-  c-lablish  'tliat  tliu  v.iriattuii  of  the  nebula  is  intimately 
<inmct(.'il  "ilh  that  uf  the  --lar."     lurilKT  study  is  in  progress. 
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The  Monthly  Evening  Sk\  Map, — With  the  l>eceinber.  1015, 
numlKT.  the  Monthly  Htrninir  Sky  Map,  completed  the  tenth 
>ear  ui  its  publication,  .ind  in  the  January.  igi6,  number,  its 
ftumder  and  publisher,  Mr.  Lw)N  Harritt.  j^ives  an  interest- 
ing account  of  its  establishment  and  j^rovvth.  In  the  course 
t>i  hi**  article  he  remarks  upon  the  tjeneral  lack  of  knowledge 
t»i  even  the  simplest  astronomical  facts,  anil  attributes  this  to 
the  neglect  of  astronomy  in  our  schools.  "I  have  found,"  he 
>;iy--.  "that  astronomy  is  not  taught  in  a  single  grammar  school 
in  the  Iniied  States.  A  few  high  schools  give  it  consideration 
in  ccinnection  with  physical  geography,  and  in  the  colleges  and 
iinivtT^itie**  it  is  elective,  and  very  few  take  it  up.'*  As  73  per 
cent  of  the  children  in  this  country  leave  school  when  thev 
graduate  from  the  granmiar  school,  the  prevailing  ignorance 
«»f  astronomy  is  rea<lily  intelligible. 

.Mr.  Harritt  is  doing  useful  work  in  publishing  the  Monthly 
lizmifit:  Sky  Map.  which  gives  the  data,  with  maf)*^.  to  enable 
anvone  to  trace  the  constellations  visil.le  in  the  evening  sky  and 
to  i<Ientify  and  follow  the  motions  of  the  planets,  and  it  is  a 
pleasure  to  recommend  the  little  journal  to  every  one  who  is 
intereMc<l  in  astronomy.* 

In  thi**  connection  attention  is  called  to  the  fact  that  Miss 
M  \rv  E.  Hvro  is  organizing  a  section  of  the  ScKiety  for 
Practical  .\stronomy,  to  be  devoted  to  the  practical  teaching  of 
a'^ironomv.  This  and  every  other  effort  made  to  awaken  and 
•levelop  an  interest  in  our  science  should  receive  our  heartiest 
^up]M)rt. 


Tiko  \r\-  Obscnaiories, — Popular  ,htronomy  re|)orts  tlLit 
Mr.  JniLN  H.  Darlin*.  of  Duluih,  Minnesota,  has  promised  to 
build  an  obser\'atory  on  one  of  the  [Hiblic  play-grounds  of  that 
city.  The  building  is  to  be  of  brick,  with  a  20- foot  dome  and 
an  a«Ijoining  library  an<l  the  telesco|x?,  a  i>-inch  refractor. 

Sirius,  for  XovemlKrr.  1015.  has  a  note  on  the  establishment 
of  a  private  observatory  in  C'«»nUi!Ki,  Argentina,  by  Senor 
Fn»KRirn  SiHNKiiM.R.  The  principal  mstrument  is  a  refractor 
of  i3*"  \(\  inches*  a|>erture.  which  is  to  Ixr  use«l  chiefly  in  the 
observation  of  variable  stars. 

'  Thf   annual   «ul>«rrtptttin   price   i«   Ii.ihi.      Ailflrr^*.    I.in^    IUbbiit.    \^**    N'a««att 
Sf .  Xf  w  V«rk.  N.  Y. 
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•New  Zealand  Emi_i;n. — Tlie  New  Zeaiainl  Xaiilifol  Almauai- 
and  Tide  Tables  contains  the  following  item,  which  may  be  of 
general  interest: — 

"The  New  Zealand  ensign  shall  be  the  blue  ensign  of  the  Royal  Naval 
Reserve,  having  on  ttio  fly  thereof  the  Soulhem  Cross  as  repreienled 
bv  four  five-pointed  red  stars  with  white  borders 

"The  following  is  a  description  of  the  stars  referred  to,  and  their 
positions  on  the  flag : — 

"The  centres  of  the  stars  forming  the  long  Htnb  of  the  cross  shall  be 
on  a  vertical  line  on  the  (iy.  midway  between  the  Union  Jack  and  th» 
outer  edge  of  the  fly,  and  equidistant  from  its  upper  and  lower  edges; 
and  the  distance  apart  of  the  centres  of  the  stars  shall  be  equal  to 
thirty-six  sixtieths  of  the  hoisl  of  the  ensign. 

"The  centres  of  the  stars  forming  the  short  hmb  of  the  cross  shall  be 
on  a  line  intersecting  the  vertical  limb  at  an  angle  of  82°  therewith,  and 
rising  from  near  the  lower  fly  corner  of  the  Union  Jack  towards  the 
npper  fly  corner  of  the  ensign,  its  point  of  intersection  with  the 
vertical  line  being  dislani  from  the  centre  of  the  uppermost  star  of  the 
cross  twelve- sixtieths  of  the  hoist  of  the  ensign.  The  distance  of  the 
centre  of  the  star  nearest  the  onter  vdge  of  the  fly  from  the  point  of  in- 
tersection shall  be  eqnal  lo  twelve-sixtieths  of  the  hoist  of  the  em^n, 
and  the  distance  of  the  centre  of  the  star  nearest  the  Union  Jack  from  . 
the  point  of  intersection  shall  be  equal  lo  fourteen- sixtieths  of  the  bc/tA 
..i  III,'  i-n^iMii 

■■Tlio  -l:.r  ,K-:iu'si  iW-  IK  ihIi;,'  of  tin-  eu^ipi  ( i.  ,f.L  m:i-, )'  ^ball  moa.^i- 


(.ARi.  .\M-:i.  Kni;i.:m  I.im-in  ilioil  at  his  lioiiic  in  CainhnOijc. 
Ma-.>..  <m  Xuvcmlur  jS.  u,\^.  Mr,  Ij-ndiv  was  connecteil 
vvitli  tiK-  .\r.v.\.'-;  Ci.AKK  X:  S-v,-^  for  many  >car^.  and  had  a 
sliarf  in  tlie  ctmslriictinn  iil  tlio  k-n'^i-;  for  the  ^fi-indi  IJck 
refr.icior  and  the  4n-iiRli  ^'l'rkl■s  refractor.  Later  he  became 
tile  head  of  the  lirin.  which  has  continued  the  work-  of  fij;nrini: 
Ixitli  lenses  and  mirrors  for  use  in  lartjo  and  small  tclescoiies. 
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Franch  Ifydroji^raphic  OfKcc,  San  Francisco,  January  fth. — 
i'nptaiti  I.  II.  Trask  of  the  steamer  Sonoma  rejwrts  to  this 
«>rticc  that  on  December  2.  1915,  in  latitude  south  22°  08', 
lon;:itiiilc  ca^t  177-  47'.  passed  thru  larj^e  (jiiantitics  of  ])umice 
d:>i  and  -tones.  The  whole  mass  had  a  dirty  ^reen  color  and 
c\ien<lcl  tor  .several  miles  around  the  ship. 

ChARI.F-S  p.   Hl'FF. 

Lieut.'Com.  i\  S.  .V..  in  charge. 
'  S.  I'.  Chronicle,  Jan.  5.  ioi^>) 


MiNtirs  OK  TiiK  Mkf.tint.  of  tiik  Hoard  of  Directors  «>f  the 

.\siRi»NoMirAI-    S(KMETY    OF    THE    PACIFIC.     !1eU)    IN 

THE   Rooms  of  the  Society  ox   Tantary 

20,    IOI^>.  AT  7:30  P.  M. 

Tlnri-  \\vrv  prc^i-nt :  PrcNicIont  R.  G.  .-\itkf.n  and  Directors  Towni.ky. 
Cr-'iiN*..  0»'>T\.  MwKWART.  Cornish,  Lkischner  and  Rhh-ari>son. 

d  irnuiiMi\'iii«»n  wa^  rend  from  Prof.  \V.  J.  Hi'ssKV.  Director  of  the 
rK*rn.it  '  MiHi*rvaiory.  askiny?  that  he  he  made  a  Life  McmlKT.  He  was 
cicctcfl  hy  ;:Ti.tninit»iw  vote. 

Mr     ri^kiMW    Sii  M-i.F.s    \va<    elected    a<    an    Active    Menil)er   of   the 

'I  hi-  matter  of  increasing  the  !ne!nl)er«»hip  of  the  Society  and  rediic- 
'wj  \]u-  d'.'.t  -  wa-  introthiced  hy  Pre^itient  .\itkf.n  and  diM-iissed  hy  the 
Iv<  Kird 

On  ni«'ti«'n  of  Towxi.ky.  seconded  hy  CrsHixr..  President  Aitkf.n 
wa^  a|)iiMinTt-il  a  crnnnn'ttee  of  one.  with  authority  ti»  add  such  other 
nir:nlK  r-  a*  hr  may  think  tit.  and  instnicted  to  *uhmit  recommendationn 
at  thr  next  nuvtinjj  of  the  Board. 

\tivnTi«.n  of  tl:e  Hoard  was  calletl  to  the  fact  that  little  u<e  i*'  made 
•  .f  the  hhrary  of  iht-  Society — and  opini<»n*i  invited  as  t«>  the  pidicy  of 
tnrnini;  the  hiMik-*  on  hand  over  to  one  of  the  large  popular  hhrarie*  **( 
tht-  ci!>   ««f  San   l'ranci<co. 

I  hf  Lihrar>  G»mmiltee  wa>  instructed  to  investigate  the  matter  an<I 
rrpiirt  at  nixi  meeting. 

\dj«»-.'rnrd 

I).  S    RiiH.\Ri»so\.  St'cretiiry 


Mini  ITS  t*h  the  Annial  Meetix*;  <»f  the  Astrono.mical 

S«K  IKTV      OF      THE      Pa(  IFIC.     HeLD     IN     THE     .XSSEMHI-Y 

M\i.i.  «»F  THE  Phelan  Hcii-dinc,.  San  Fran(  IS<o, 

n\    IaNI'ARY   2^1.    1016.  AT  8  :()0  «M  UK  K    P.  M. 
Prc^iiltnt  R.  G.  .Aitkkx  in  the  chair. 

<  >n   motion  of  Director  Ix'sniSEM  the  minute^  of  thr   laM   annua! 
fnertitig  were  approved  a<  printed. 


40  Publications  of  the 

Mr.  CusHiNC,  Cliairman  of  the  Finance  Committee,  repurled  ihat  ihc 
books  and  accounts  of  the  Society  hail  been  aiiililed  and  that  all  prop- 
erty of  the  Societ)'  had  been  properly  accounted  for  by  the  Trcasirrer. 

The  following  report  of  the  Comet-Medal  Committee  was  read  by  the 
Secretary  and  accepted  ; — 

REPORT  OF  THfc  COMET-MEDAL  COMMITTEE. 

l*hc  Cornell  for  the  year  lO'I  have  been  the-  follDwirm:— 

loiSB— Uneipwicd  comei  diKover«l  by  Johb  E.  Msllhw  at  Collage  Cron, 
WJKenBn.  do  February  lath. 

igijb — WinDccke'i  periodic  comet  pboloiraiibBj  by  M.  H.  THiii.t.  HiMbWiv 
Germsny.  on  April  fib. 

ig ISC— Periodic  cornel.  Trfifel,.  abaerred  on  il>  return  by  P.  1'.  tlnLavAX.  U 
Plata,  ArgeniiaB.  on  May  i6Ib, 

l«iSd— tJneJipectid  coo-el  iliscovered  by-  JOHs  E.  Meliisk.  CoItOBc  firn.c.  Wil- 
caiiiln,  on  September  Ijlh. 

let  discovered  by  C.  J.   (?1  Taylos.  Cfl|w  of  Oind  llnpe, 

Malutn  the  tlonoboe  Comrl-Mclal  h^  been  iwafled  f«T 

RcBpcel fully  iubmitle.l. 

CoRimittec  nn  tlie  Cnmel- Mtdal : 


HEiin  II.  CiTirtl*. 

The  'Chainnan  of  the  Library  Committee  reported  that  there  had 
been  no  additions  to  the  books  of  the  librarj'  during  past  year. 

The  Sftfiely  the.i  proccc.Ied  to  Ihi-  election  of  a  Hoard  of  Dirk-clor- 
an<l  :,  Publicalii>n  ConnniLlof  for  ih.'  en-iiinR  vc'ar. 

The  following  iioniinalion,  were  miule  by  K.  T.  Ck\v.Vv:<::  C'li.iirnKtii 


of  Ihe  .N'oniinaliiiB  Cnnnnillfi' :— 

l-,<r   lio„rd   ,-/   l>ir.\l,'rs~W.    \V.    C.vmi'um. 

II.    D.    CinTf^.   Ck 

BVHfKH.M.TKR,    \Vm,    11.   Ck.HKKK,    C.    S.    ClSlllN 

G,  F,  V.  CossiMi,  i; 

Hiii-;nh;,\i..   A.   C).   Lf.isciinkr,   A,    II.    M.m(kw 

VkT.     U.     S.      liUHMIi.s 

S.  L).  Townlkv. 

I'or  fuhlicalion  Commilh-c—V..  G.  Aitkkn".  1 

.1).  Cl-KTIS.II    S>1.M' 

The   I'rc^idem   appointed   Me.-.r^.   O.sta   a.i. 

Hk.\scH    iis    tL-lkr- 

aniKHinced  thai  the  l.allols  would  he  collecteil 

\m\  connled  l.iler  in 

evening. 

I'rc-i.km  ArTKKN  iIki.  prncw<lc<l  1^.  deliver 

lis  addrcs.  inei.lenia 

IlK-  ;iward  <-f  (lit  Uriicc  (ioid   Medal  for  the  . 

ear    igil),   which  K-".- 

frof.  (.iKo    ]■:.  H.^LE.  Director  of  tht  Solar  Oh 

crvatory  at   Pa-ad.-n 

Thv  address,  which  is  printed  ektwhere.  wa 

a  gcneroTi-.  :ii>pricia 

of  iho  merits,  ;in<l  (liMingni.hed  services  to  as 

ronomy,  of   Prof.  H 

Al   ils  close,   i'rol.   ll.vi.K.   who   was   presenl. 

cknowlcilKcd   the   h. 

ech.  claiming  ih^i 
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Fiillowing  the  presentation  cif  the  medal.  Dr.  H.  D.  Cl'RTis.  of  Lick 
*  ^S*t  r\ai«  ry.  aihlrc-i'iocl  the  StK*icty  upon  the  subject  of  "Recent  Theories 
1:^  StrlhiT  F.\<tl;ition."  The  fascinating  <iihject  was  illustrate*!  by  many 
I..;  tern  ^lidc*  i\\v\  cl«»^el>  followeil  by  an  appreciative  au<lience  of  about 
tu.'  !n:n<Irr<l  peopK-. 

\t  Mr  cImhc  Mt  tlie  siH\'»kinK.  the  tellers  collected  and  conntcti  the 
K»I!««i-.  whiih  'Imwed  that  the  officers  a**  at>ove  nominated  ha*!  been 
d:  !>  tKo!t»!  t*»  *er\e  for  the  ensuing  year. 

\d^'»tirnnl. 

D.  S.  Rich  vrosox.  Sccrctarw 


!\m»"|:t  i^k  Tjir   Tkkasikfr  of  Tiik  .\stro\omi'\i.  5VM  iftv  of  the 

l*\<  in*     FiHt   THK    I'lS<  .\L   Yk\R    KnF»IN«;   J.XNIARY   2i).    IQIf). 

r.KNKk.VL  ST.VTEMKXT. 
\«.»  •*  .  »■  'hr  >«»ctety 

I-    I'.' Ml.!*.,   f'tiuiatrd   value    $17,154  6'* 

<  ash    m    Hank   to  crc»lit   "f    Fund* -.73-'   03 

■r.>T;.l $i9.88/>  7J 

I.iifil'tir*  "if  the   S«Kicty.   n«n«r. 

TASII    ST.VTKMKXTS   P.Y   FIND 

WILLIAM   ALVORI)  FrXD. 

I- 

T       I*..»!.u:C'-    f.iiiuary    .v>.    '015 $  384  87 

ItJtrrc*t*   and    l>ivi«icni!%   in    IQ15 210   5^ 

T'tal $   595  39 

\\\     rr.it'sti-'*   !ii  (ienrral    F'und 2x0  ^j 

r.alancr   January   ^0.    >9i'> $  3**4  87 

LIBRARY   Ft  NI) 

l.»    I'.alar.cr   January    .^o.    1015 $     99  7** 

Intcri'Ht*    and    l>ividrnd»    in    1015 »'»3  '*4 

1  Mtal $   -»63  62 

fly    T'an*frr*   to   <*cncral    Ftin<l 183  84 

Ilalance    January    jq.    1916 %     79  7* 

JCIHN   IHUJIKER    FIND. 

To    Italatirr'   January    31.    iqi  5 $  4<^7  98 

Interr*t«    and    Dividends    in    1915 ^33  *** 

Total ■.    S  7<»«   ^6 

Cr. 

Hy   Transfer*  to  General   Fund .J33  ^'^ 

Balance   Jannary    ^9,    1916 $  467  98 


48 

PuhHaitiom  of  tke 

r.lFK    MKMBKRSHIP   FUNR 

1 

Toll 

Ity    Vr 

.«   ,.n„=ry 

t... 

liRlTE  ME1>.U,  FlTNn, 

Dr. 

IJONOtKDE  COMET  MEDAL  FUNI). 

TotJil 
l.«ci-  J 

Dy    Ra 

—  "■- 

i«6i  ij 
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SEcrRITIES   IIEM»   BY  THE  S^KIETY 

Tli«  Hf  %ccitritu-<  arc  all  •>!  the  face  «lenomiMation<  of  Si.ono.  an*!  the 
\.«I   t'-  i:uin  ri-prc^cnt  their  nriginal  co^t  ti»  the  Society. 

/    -,■    '..',-t,  •  •,  i;.i;>^   fun.' 

•  ••:(  S  •<ifh  I'aii*ir  K  «m»t  Kailria<l  ('••rri-jn^'*  ft  m'">rirfa«r.  CJa'ii'".t»c  '. 
4  i^r  ocnt  <t-»li|  l((»tii].  N  ».  34'"»6.  Princtt^)  tluc  Tul>.  :ojr:  nftr- 
I  •:    |'.i\.iMr   in  j.iiiijary  ainl  July $:. »  rwj 

•  »vf   I...*  .\nirilt«  <ia»»  an«i   Klrctric  xtnrral  mortgage   5  |<-  cctt  r,..M 

r.'Miii.   No    7 1  J.      Princiiial  iluc  July   i.    1934:   inter t-*?  tii>afilc  Jan- 

i.ir\    i*t  A  Till  July    i*t 0**0   -'5 

■*  .- ;  .:fi.:.-r     Vi'  ■»••£•  i»j.-rv    L'.h'ary    f-un.t. 

<  >ri#  l»jklan>l  Transit  cofi««i!i<latC4l  i«t  C'»n»«»li'latr-i  mitrtKatic  5  i^rr 
.ft  <»«»M  lUiml.  Niv  4J.'J*.  Principal  iluc  July,  loji-*;  inlerc^t  i»a>- 
.iM'    Jai  I'lry   an<i   July    i."4  •  "o 

•  *:  r  t  iTlra  t'«>^la  Water  ('tifniiany'*  t  |*rr  crnt  t't*'i.\  IUt.A.   No.    i*i^s. 

I'rtpi-it.ji  ,lu|.  Jinuary.   igi^:  intercut  |>ayahU    January  an«i  Julv.,        1. -J*   <*o 
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NOTE. 

This  Society  is  the  ownt^r  of  three  of  xhe  underlying  5%  Gold  Boiidt 
of  the  Contra  Costa  Water  Company  which  came  to  matnrity  in  Janu- 
ary, 1015.  The  saiil  cOTporation  defaulted  in  the  paymeiil  of  intercsli 
line  on  July  i.  1914.  and  its  affairs  are  now  in  process  of  reorganization. 

By  authority  ot  the  Hnaiice  Committee,  these  bondi  «'cre  deposilRl 
by  the  Treasurer,  under  date  of  August  2J(,  1915.  with  the  Rcorganiia- 
tion  Committee  of  The  People's  Water  Company,  known  as  the  Qo«le»- 
Drum  Commillec  and  represented  by  the  Savings  Union  Bank  UhI 
Trust  Company  of  San  Francisco, 

The  July,  1514,  coupoiu  on  these  bonds  were  pnid  in  Seiitember,  I015, 
and  ihere  is  at  present  due  from  tlnis  source,  aside  from  the  face  VsIlK 
oi  the  bonds,  the  sum  ot  $^25.00. 

A  report  of  the  Reorganization  Committee  of  llie  People's  Water 
Company,  liearing  date  of  January  8,  igi6,  annoimces  thai  gratifying 
progress  is  being  made  in  the  incorporation  of  a  new  company  and  the 
preparation  of  new  securities  to  lake  the  place  of  the  present  otilstand- 
ing  bonds. 

The  Society  is  also  the  owner  of  one  6%  First  Mortgage  Gold  Bond 
of  iln-  M..UI101.   Irrii;;it«l  I.amis  0>mpam,  N...  744, 
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CnRMiiH.  A.  O.  Leu»chwe»,  a.  H.  Markwart.  S.  D.  Townley  and 
I)  S.  Richardson. 

The  meeting  was  called  to  order  by  Director  Ci- suing  and  proceeded 
at  once  to  organize  hy  the  election  of  the  following  officers  for  the 
ensiling  >car : — 

t  or  President — S.  I).  Towni.f.y. 

I'trst  rice-Presidepit — C.  S.  Ci'SHixr,. 

Set'i'ud  I  Uf 'President — U.  I).  CrRTi*v 

thud  I'iee-President — A.  H.  Markwart. 

V  \rctary  and  Treasurer — I").  S.  RirHARDJmx. 

IVi-Hidcnt  Townley  appointed  the  following  committees: — 

I'lnanee   Committee — C.    S.    Ci'shing,   W.    H.   Crcxtcrr  and   A.    H. 

M  VilKUAKT. 

Library  Committee — I).  S.  RiCHARDSON.  F.  V.  CoRNiSH  and  F.  E. 
Bram'il 

Xction  niKin  the  Comet-Me<IaI  Committee  was  deferred  hy  the  Presi- 
dent fi>r  further  consiileration. 
Adjounu'd. 

D.  S.  Richardson.  Secretary. 
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WORK  FOR  THE  AMATEUR  ASTRONOMER. 


By  George  Ellery  Hale. 


I.     Introduction^ 

No  chapters  in  the  history  of  science  are  more  inspiring  than 
those  which  recount  the  deeds  of  the  amateur.  Hampered,  it  may 
be.  by  lack  of  equipment,  situated  where  the  conditions  for  research 
are  not  of  the  best,  and  often  compelled  to  devote  his  best  hours  to 
other  pursuits,  the  amateur,  rising  above  all  discouragement,  has 
continued  to  pour  a  flood  of  new  ideas  and  significant  observations 
into  the  ever-widening  sea  of  scientific  knowledge.  Many  a  great 
name  is  associated  with  a  modest  beginning,  and  many  a  discovery 
has  been  made  with  inexpensive  apparatus.  Galileo  and  Newton, 
during  their  boyhoo<i  days,  foreshadowed  in  their  model  wind- 
mills, water-clocks  and  other  mechanical  contrivances  the  latent 
ability  which  ultimately  found  full  expression  in  the  first  refracting 
and  reflecting  telescopes  and  in  other  instruments  and  researches. 
Bessel,  an  apprenticed  clerk  in  a  German  mercantile  house,  began 
his  astronomical  career  by  measuring  the  longitude  of  Bremen 
w  ith  the  aid  of  an  ordinary  clock  and  an  improvised  sextant  of  his 
own  design.  Herschel,  the  organist  of  Bath,  after  constructing  a 
2-inch  telescope,  built  for  himself  larger  and  larger  instruments, 
and  made  contributions  to  every  department  of  astronomy.  Schwabe, 
the  apothecary  of  Dessau,  recording  sun-spots  from  day  to  day  for 
forty-three  years  with  his  small  but  "imperturbable  telescope,"  dis- 
covered that  their  number  waxes  and  wanes  in  the  now  well-known 
sun-spot  period.  Carrington,  following  Schwabe's  exam])le  in  his 
little  obscr\'ator>'  at  Redhill,  found  that  spots  near  the  equator  arc 

*  Tlua  IS   the  first   of  a  icrict  of  articlc«  by   Mc«tr«.   Hale   and    Snow,    which   will   ex- 
pUtn   iMw   to  boild  a   HBall  coeloeUt   tclc«cope   with    various   accesaortes,   and   describe   a 
of  obaenratloflM  and  experioMntt  tn  aour  |»h]raica. 
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carried  westward  more  rapidly  by  the  solar  rotation  than  those  in 
higher  latitudes,  and  accumulated  a  great  volume  of  valuable  draw- 
ings and  sun-spot  statistics  which  are  still  in  constant  use  by 
astronomers.  Lassell,  an  English  brewer,  and  Bond,  who  began 
his  astronomical  work  while  carrying  on  his  trade  in  Maine  as  a 
watchmaker,  discovered  Hyperion,  the  seventh  satellite  of  Saturn, 
on  the  same  evening.  Burnham,  engaged  throughout  the  day  in 
the  Chicago  law-courts,  spent  his  nights  in  observation  with  a 
6-inch  telescope,  and  discovered  nearly  five  hundred  new  double 
stars.  Huggins,  undaunted  by  the  smoke  and  fog  of  London, 
demonstrated  at  his  Tulse  Hill  Observatory  the  gaseous  nature  of 
nebulae  and  laid  the  foundations  of  the  observational  study  of  stellar 
evolution.  Such  illustrations  might  be  given  in  large  numbers 
from  the  records  of  astronomy,  and  multiplied  many  fold  from  the 
general  history  of  science.  They  would  include  such  notable  cases 
as  Darwin,  whose  work  was  done  with  the  simplest  of  means, 
largely  in  the  quiet  of  his  home  and  undisturbed  by  the  trend  of 
contemporary  thought ;  Faraday,  the  blacksmith's  son  and  book- 
binder's apprentice,  essentially  without  education  except  the  little 
derived  from  Davy's  popular  lectures  on  science  at  the  Royal  In- 
stitution ;  and  Lord  Rayleigh,  who  prefers  his  home  workshop,  with 
its  simple  facihties,  to  the  extensive  equipment  of  the  Cavendish 
Laboratory. 

But  neither  in  hmited  or  unhmited  resources  nor  in  association 
with  pubHc  or  private  hdjoratory  do  we  find  the  criterion  that 
marks  the  amateur.  Nor  is  he  to  be  mistaken  for  the  dilettante  of 
the  popular  imagination.  The  amateur  is  in  fact  a  true  lover  of 
knowledge  for  its  own  sake,  one  who  works  because  he  cannot 
help  it,  swept  on  by  a  passion  for  research  which  he  attempts  neither 
to  explain  nor  to  curb,  an  enthusiasm  which  carries  him  over 
obstacles  too  high  to  be  surmounted  by  the  perfunctory  student  or 
the  man  without  zeal.  To  the  sane  enthusiast,  whether  his  talents 
be  large  or  small,  great  advances  are  possible.  An  impelling  in- 
terest, even  if  backed  by  only  a  very  slender  stock  of  knowledge, 
may  accomplish  more  than  all  the  learning  of  the  schools. 

While  it  is  fortunately  true  that  the  amateur,  in  professional 
guise,  is  often  found  in  the  great  university  laboratory  or  the  en- 
dowed observatory,  he  usually  begins  his  work  at  home  and  with- 
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out  expensive  afipliances.  The  passion  for  research  springs  early, 
and  the  boy  of  twelve  may  already  feel  within  him  the  desire  to 
add  to  the  world's  knowledge.  He  consults  his  books,  and  is 
fascinated  by  the  experiments  they  outline.  Who  can  forget  his 
thrill  of  excitement  when  the  bubbles  of  oxygen,  issuing  from  the 
heated  retort,  rose  one  by  one  thru  the  water-filled  bottle,  inverted 
over  its  tank!  The  delicious  possibility  of  an  explosion  (realized 
all  too  often  with  prematurely  ignited  jets  of  hydrogen!)  and  the 
proud  consciousness  of  actually  venturing  into  the  field  of  the 
original  investigator,  are  experiences  to  be  felt  but  not  described. 
Then  there  was  the  winding  of  the  first  induction  coil,  the  anxious 
test  of  the  length  of  its  spark,  and  the  dim  realization  that  here 
was  an  instrument  of  research  applicable  in  many  fields.  In 
another  province  the  return  of  spring  and  the  breaking  of  the  ice 
in  the  ditches  meant  exciting  pursuits  of  the  wily  Cyclops  and  the 
agile  Branchipus,  or  the  lesser  forms  of  life  in  the  marvelous  world 
of  rotifers  and  vorticellae.  In  recent  years,  as  I  have  pushed  with 
larger  and  larger  telescopes  into  the  depths  of  space,  I  have  often 
been  forced  to  confess  that  the  astronomer  never  beholds  sights 
more  wonderful  than  those  which  a  drop  of  ditch-water,  on  the 
stage  of  the  cheapest  microscope,  will  afford  to  any  boy. 

But  while  the  observation  of  natural  objects,  the  collection  of 
specimens,  or  the  performance  of  simple  experiments  may  content 
many  beginners,  there  are  those  who  yearn  to  advance  into  the 
actual  work  of  original  research.  To  them,  and  perhaps  to  others, 
a  series  of  connected  experiments  or  observations,  sufficiently 
varied  to  be  attractive,  but  so  contrived  as  to  lead  step  by  step  into 
some  profitable  field  of  investigation,  should  be  more  interesting 
than  the  isolated  phenomena  more  commonly  described.  If  properly 
chosen,  such  experiments  may  serve  as  an  introduction  to  the 
methods  of  the  investigator  and  a  stimulus  to  individual  effort.  By 
suggesting  the  unbounded  opportunities  for  discovery  which  lie 
open  in  every  department  of  science,  they  may  also  encourage  the 
beginner  to  undertake  a  serious  study  of  his  subject  and  thus  to 
prepare  himself  fully  for  the  work  of  investigation. 

What,  then,  does  the  beginner  in  science  need?  Judging  from 
my  own  experience,  I  think  he  should  first  feel  the  stimulus  which 
comes  from  reading  of  the  great  discoveries  in  any  field  of  science. 


56  PUBLICATIONS  OF  THE 

in  the  words  of  the  discoverers  themselves.  These  will  inspire  him 
to  work,  and  convince  him  that  knowledge  is  not  a  sealed  book 
but  an  open  manuscript,  to  which  he  may  hope  to  contribute  para- 
graphs or  even  chapters.  He  must  learn  of  the  many  ways  in 
which  advances  may  come:  by  long-continued  observations,  care- 
fully discussed;  by  the  quick  application  of  new  ideas  to  the  inter- 
pretation of  old  phenomena;  by  the  invention  and  use  of  new  in- 
struments; by  increased  precision  of  measurement;  by  the  recogni- 
tion of  relationships  between  seemingly  unrelated  things.  He  must 
be  led  to  see  that  important  discoveries  do  not  necessarily  demand 
expensive  instruments,  but  result  quite  as  often  from  the  skillful 
use  of  the  simplest  means.  He  must  realize  that  he,  like  others 
before  him,  can  improvise  these  means,  and  apply  them  in  real 
research.  He  must  learn  to  cultivate  an  open  mind,  skilled  in  the 
art  of  devising  explanations  of  his  observations,  but  free  from  the 
prejudices  which  surround  the  man  of  one  idea.  He  must  know 
of  the  many  laboratories  and  observatories  where  research  is  in 
progress,  and  become  familiar  with  that  great  company  of  investi- 
gators who  even  in  these  days  of  war  continue  to  widen  knowledge. 
And  in  doing  these  things  he  must  bear  in  mind  that  while  he,  too, 
may  hope  to  join  this  company,  he  can  do  so  only  by  showing  good 
sense  and  good  judgment,  publishing  no  results  until  they  have 
been  amply  verified,  and  adopting  every  possible  means  to  extend 
his  education  and  widen  his  experience. 

To  the  would-be  investigator,  dimly  perceiving  for  the  first  time 
the  boundless  possibilities  of  original  research,  there  is  no  such 
stimulus  as  that  to  be  derived  from  direct  contact  with  the  masters 
of  his  subject.  He  should  not  be  content  with  some  second-hand 
description  of  their  work,  but  go  straight  to  the  original  sources, 
and  read  what  was  written  in  the  very  heat  of  progress.  Thus  he 
may  feel  with  them  the  dawning  consciousness  of  new  lands  to  be  ex- 
plored and  experience  some  of  the  delight  which  they  felt  when 
they  first  passed  from  the  known  into  the  unknown.  Moreover,  he 
may  best  realize  in  this  way  how  simple  are  the  tools  so  often  em- 
ployed to  attain  the  most  important  ends,  and  recognize  the  ad- 
vantage of  cultivating  an  alert  and  optimistic  mind,  sensitive  to  new 
impressions  and  aware  of  the  opportunities  which  are  ever  open 
to  the  ready  inquirer. 
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Having  made  a  brief  survey  of  his  subject,  which  should  be 
followed  by  wide  reading  in  the  classics  of  science  and  in  its  exten- 
^ve  periodical  literature,  the  beginner  will  wish  to  try  his  own 
hand.  Let  us  suppose  him  to  have  chosen  the  field  of  astronomy. 
First  of  all  he  will  be  fascinated  by  the  stars  and  by  the  many 
problems  they  offer  for  solution.  The  vast  extent  of  the  universe, 
the  beautiful  phenomena  of  star-clusters,  nebulae  and  comets,  the 
changing  light  of  the  variable  stars,  the  surface  markings  of  the 
Moon  and  the  planets — these  and  many  other  phenomena  will 
appeal  to  his  imagination  and  to  his  instinct  for  investigation.  Last 
of  all,  perhaps,  he  may  realize  the  unique  opportunity  for  widely 
varied  study  which  the  Sun  affords,  and  understand  why  this  is  so. 
For  all  the  other  stars  are  very  far  away — so  far  that  they  appear 
merely  as  needle  points  of  light  in  the  most  powerful  of  telescopes. 
To  see  them  as  we  see  the  Sun,  to  discern  their  huge  disks,  the 
spots  on  their  surfaces,  the  flames  in  their  atmospheres,  we  must 
approach  them  closely,  and  there  is  no  prospect  that  any  telescope, 
however  powerful,  will  ever  make  this  possible.  They  remain, 
under  the  highest  magnification,  as  extremely  minute  points  of 
light 

How  fortunate,  then,  that  one  star  is  so  near  at  hand !  This  one 
exception,  our  own  Sun,  is  proved  in  a  score  of  ways  to  be  a  per- 
fectly typical  star,  similar  in  chemical  composition,  in  size  and  in 
structure  to  millions  of  other  stars  in  the  remote  distances  of  space. 
It  is  so  near  us  that  any  telescope  will  show  its  disk  and  the  spots 
that  come  and  go  on  its  surface.  These  and  its  other  phenomena 
are  most  varied  in  character,  constantly  changing  in  number  and  in 
form  and  suggesting  problems  of  every  kind  for  solution.  With 
simple  instruments,  easily  constructed,  they  can  be  brought  within 
the  amateur's  range.  If  fortunate  enough  to  have  access  to  a  small 
shop,  be  can  build  his  own  telescope,  procuring  the  optical  parts  at 
very  slight  expense  from  the  nearest  spectacle  maker.  If  not,  he  may 
employ  a  local  machinist  to  do  the  work  which  is  beyond  his 
capacity. 

Once  constructed  and  installed,  the  telescope  will  be  ready  for 
work  of  real  value,  as  it  will  yield  photographs  of  the  Sun  suitable 
for  sudi  studies  as  those  of  Schwabe  and  Carrington.  But  the  young 
sdar  physicist,  who  has  read  of  the  marvelous  discoveries  of  the 
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spectroscope  and  its  almost  unlimited  possibilities  when  applied  to 
the  study  of  the  Sun,  will  not  rest  content  without  the  support  of  this 
powerful  ally.  Indeed,  he  will  have  realized  that  the  spectroscope 
is  even  more  important  in  solar  research  than  the  telescope  itself, 
tho  the  combination  of  the  two  is  usually  essential.  Thus  he  should 
proceed  to  complete  his  outfit  by  constructing  a  spectroscope,  which 
may  advantageously  take  the  form  of  a  spectroheliograph,  since 
this  instrument  can  be  used  both  as  a  spectroscope  and  as  a  means 
of  photographing  the  invisible  phenomena  of  the  solar  atmosphere. 
Fortunately  this  apparatus  is  extremely  simple  and  inexpensive,  and 
can  easily  be  built  by  the  amateur  himself. 

Thus  equipped,  the  amateur  astronomer  is  prepared  for  a  long 
series  of  fascinating  observations.  He  will  first  wish  to  repeat 
KirchhoflF's  epoch-making  discovery,  and  prove  the  existence  of 
sodium  and  iron  and  other  elements  in  the  Sun.  This  experiment 
can  be  made  visually,  but  the  photographic  method  is  far  more 
satisfactory, ,  and  should  be  applied  without  delay.  Nothing  is 
more  striking  than  to  see  a  long  strip  of  the  solar  spectrum 
recorded  on  the  photographic  plate,  side  by  side  with  the  hundreds 
of  bright  lines  of  the  iron  spectrum,  each  of  which  has  a  solar 
counterpart.  The  amateur  will  at  once  realize  the  certainty  of 
spectrum  analysis,  and  understand  how  Rowland,  testing  substance 
after  substance  against  the  Sun,  finally  identified  a  large  majority 
of  the  terrestrial  elements  as  glowing  gases  in  the  solar  atmosphere. 

Thus  made  acquainted  with  the  gaseous  surroundings  of  the 
Sun,  he  will  wish  to  observe  their  remarkable  fomis.  Ordinarily 
concealed  by  the  brilliant  light  of  the  sky,  the  red  solar  prominences 
rise  high  above  the  disk  of  the  Sun  when  it  is  obscured  by  the 
Moon  in  a  total  eclipse.  But  we  need  not  wait  for  one  of  these 
rare  events,  as  Janssen  and  Lockyer  showed  in  1868  how  a  spectro- 
scope can  be  used  on  any  clear  day  to  render  these  flames  visible. 
Having  watched  their  changing  forms  and  studied  their  spectra, 
the  amateur  will  wish  to  photograph  them,  which  he  can  easily  do 
with  his  spectroheliogra[)h.  And  this  will  lead  him  to  take  another 
step. 

It  is  evident  enough  that  the  chromosphere  and  prominences  which 
we  always  observe  on  the  solar  circumference  must  also  exist  on  the 
disk  of  the  rotating  vSun,  tho  concealed  by  its  brilliant  light.     If 
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we  photograph  the  spectrum  of  the  disk,  we  find  the  dark  H  and 
K  lines  of  calcium  to  be  brightly  reversed  in  irregular  patches, 
which  are  most  extensive  in  regions  surrounding  sun-spots.  To 
photograph  the  forms  of  these  luminous  clouds  of  calcium  vapor 
(the  flocculi),  we  set  the  H  or  K  line  on  the  camera  slit  of  the 
spectroheliograph,  and  move  this  instrument  slowly  across  the 
solar  image.  A  series  of  photographs  made  in  this  way  will  pro- 
vide the  means  of  studying  the  structure  and  changes  of  the 
calcium  vapor  at  different  levels  in  the  solar  atmosphere. 

Thus,  aided  by  laboratory  experiments  with  home-made  appara- 
tus for  the  interpretation  of  the  solar  results,  the  beginner  should 
be  fairiy  started  in  the  field  of  astrophysics.  Later,  if  he  should 
wish  to  extend  his  equipment,  he  can  acquire  instruments  powerful 
enough  to  permit  the  photography  of  solar  vortices,  and  the  study 
of  the  solar  rotation,  the  pressure  and  motions  in  the  solar  atmos- 
phere and  the  magnetic  fields  in  sun-spots. 

A  brilliant  Sun  shines  overhead,  and  the  air  is  fragrant  with  the 
odor  of  orange  blossoms  on  this  February  afternoon  in  Southern 
California.  Yet  I  am  forcibly  reminded  as  I  write  these  lines  of 
a  dark  winter's  day  in  Chicago  some  thirty-five  years  ago.  I  was 
reading  "The  Amateur  Mechanic's  Workshop,"  and  even  now  I  can 
feel  the  thrill  of  excitement  which  came  with  the  sudden  resolve  to 
follow  the  example  set  in  the  book.  The  young  mechanics  of  an 
earlier  volume  had  begun  the  construction  of  a  workshop,  which 
was  fully  described  and  illustrated.  Why  should  I  not  build  one 
myself?  The  snow  lay  deep  on  the  ground,  and  weeks  of  winter 
were  yet  to  come.  Clearly  it  was  too  soon  to  begin  work  out-of- 
doors.  But  the  resolve  had  been  kindled,  and  its  impulse  would 
not  be  quieted.  I  could  already  see  the  shop  completed,  with  its 
long  benches  equipped  with  vises  and  tools,  and  my  recently- 
acquired  lathe  (which  had  a  small  slide-rest,  and  would  actually 
turn  metal!)  standing  in  the  place  of  honor.  Indeed,  the  lathe 
seemed  suddenly  to  have  acquired  an  overhead  attachment  for 
driving  milling  cutters  and  other  accessories  resembling  those 
pictured  in  the  books  of  Holtzapfel  and  other  English  authorities 
of  the  day.  I  could  hear  in  imagination  the  hum  of  a  small  steam- 
engine,  the  castings  for  which  had  arrived  on  Christmas  Day,  and 
see  it  driving  the  cutters  in  the  pleasantest  manner  in  the  world! 
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Surely  such  a  dream  must  come  true,  snow  or  no  snow.  So  I 
at  once  began  work  on  the  scale  drawings,  trudged  thru  the  snow 
with  my  small  sister  and  brother  to  the  lumber-yard,  and  invested 
my  slender  savings  in  water-soaked  2  x  4's.  Hauling  these  home  on 
our  sled  was  a  heavy  task,  but  when  they  were  finally  there  we 
lowered  a  rope  from  the  narrow  window  of  a  dark  and  lofty  attic, 
and  hoisted  them  up  into  its  friendly  shelter.  Here  the  work  of 
framing  was  pursued  after  school  hours  and  on  those  joyful  Satur- 
days, and  before  spring  had  really  come  the  dismantled  skeleton 
was  lowered  to  the  ground  and  the  work  of  erection  begun.  Finally 
the  shingles  were  all  laid,  and  we  looked  with  satisfaction  upon  our 
combined  shop  and  laboratory.  Tho  only  ten  by  fifteen  feet  in 
size,  it  gave  us  immense  pleasure  and  prepared  the  way  for  later 
buildings  of  more  ambitious  kind. 

Such  memories  have  led  me  to  write  these  pages.  I  have  lost 
none  of  my  respect  for  the  books  of  my  boyhood,  or  for  the  new 
ones  which  have  been  published  since.  But  I  hope  that  the  actual 
experiences  of  a  boy  groping  his  way  toward  original  research  may 
have  taught  me  something  of  the  needs  of  others,  and  of  practical 
methods  of  meeting  them.  Fortunately  I  have  been  able  to  enlist 
the  collaboration  of  another  amateur,  Air.  Lorenzo  Snow,  whose 
acquaintance  with  present  sources  of  optical  and  mechanical  sup- 
plies is  wide  and  varied.  Mr.  Snow  will  make  working  drawings 
of  the  instruments  embodying  our  joint  ideas,  and  describe  the  de- 
tails of  their  construction.  Our  plan  will  be  to  utilize  standard 
optical  and  mechanical  parts,  everywhere  obtainable  at  very  small 
cost  from  spectacle  makers  and  dealers  in  machinists'  supplies.  In 
building  the  apparatus  we  do  not  intend  to  utilize  the  workshops 
of  the  Mount  Wilson  Observatory  or  others  similarly  equipped,  but 
will  rather  depend  upon  the  services  of  machinists  and  carpenters 
such  as  are  found  in  every  small  town.  In  this  way  w^e  hope  to 
show  how  an  amateur  can  have  equally  good  instruments  built 
almost  anywhere,  if  he  cannot  adopt  the  far  more  satisfactory  plan 
of  making  them  himself.  The  papers  will  conclude  with  a  series 
of  experiments  and  observations  designed  to  illustrate  the  use  of 
the  spectroscoj^e  and  spcctroheliograph  and  to  serve  as  an  elemen- 
tary introduction  to  solar  research.  If  they  should  succeed  in  con- 
vincing some   serious  beginner  that  the   pleasures  of  his   holiday 
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hours  may  well  be  cotitiniird  thm  the  vlic4e  of  an  inreatigator's 
life,  they  will  accomplish  the  object  for  which  tbcr  are  miiuoL. 


A   SPECTROSCOPIC  METHOD  OF   DETERMIXIXG 

STELLAR  P.\R.\LL\X" 


By  Wju^tix  S  A»ams. 


The  absolute  magnitude  of  a  star  is  defined  as  hs  apparent  mag- 
nitude when  reduced  to  unit  distance,  and  may  be  calculated,  when 
the  distance  is  known,  from  the  simple  relationship 

M  -m  +  s  +  sfc*' 

In  this  equation  M  is  the  absolute  magnitude,  m  the  apparent  mag- 
nitude, and  w  the  parallax.  It  is  evident  that  if  some  means  exists 
by  which  M  may  be  determined  directly  this  expression  wiD  in 
turn  provide  a  determination  of  the  parallax. 

The  question  whether  the  absolute  magnitude  of  a  star  may  not 
have  a  material  influence  upon  the  character  of  its  spectrum  is  one 
which  has  been  discussed  to  a  considerable  extent  in  recent  jrears. 
It  appears  probable  from  investigations  made  at  Mount  Wilson 
that  the  intensity  of  the  continuous  spectrum  is  affected  to  a 
marked  degree  by  the  luminosity  of  the  star;  and  such  a  resuh  is 
rather  to  be  expected  when  we  consider  that  if  two  stars  have 
closely  the  same  type  of  spectrum  but  greatly  different  luminosities 
they  probaUy  differ  greatly  in  size,  in  mass,  and  in  depth  of  the 
atmospheres  surrounding  them.  Such  a  marked  difference  in 
physical  conditions  would  be  almost  certain  to  influence  the 
intensity  of  the  continuous  spectrum,  and  we  might  even  hope  to 
find  in  the  line  spectrum  of  these  stars  certain  variations  in  the 
intensity  and  character  of  such  lines  as  are  peculiarly  sensitive  to 
the  conditions  in  the  gases  in  which  they  find  their  origin. 


*  Adapted  froa  a  Mric*  of  prnptn  ftliifcid  is  tlie  Prmf^tdrngg  #/  fW  Smitamsl  Acmdemj 
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An  attempt  to  detect  such  lines  was  made  by  Hertzsprung  who 
concluded  that  the  strontium  line  at  A  4077  gave  some  indication  of 
varying  with  the  absolute  magnitudes  of  the  stars  in  whose  spectra 
it  appeared.  An  independent  and  more  extensive  investigation  by 
Dr.  Kohlschiitter  of  the  Mount  Wilson  stellar  spectra  resulted  in  the 
discovery  of  two  or  three  such  lines,  and  the  results  of  a  pre- 
liminary application  of  the  criterion  of  line  intensity  to  the  deter- 
mination of  absolute  stellar  magnitudes  were  published  in  1914. 
Since  that  time  the  work  has  been  extended  greatly  with  the  aid 
of  additional  observational  material. 

A  prime  essential  to  beginning  such  an  investigation  is  an 
accurate  classification  of  the  stellar  spectra  into  the  several  types. 
For  this  purpose  a  method  has  been  used  which  was  devised  in 
large  measure  by  Dr.  Kohlschiitter  previous  to  his  departure  from 
Mount  Wilson.  It  will  be  described  briefly  in  the  succeeding  para- 
graphs, and  the  results  obtained  from  it  will  then  be  utilized  in  a 
continuation  of  the  discussion  of  absolute  magnitudes. 

Method  of  Classification 

The  material  available  for  classification  purposes  consists  of 
several  thousand  photographs  of  stellar  spectra  taken  with  a  one- 
prism  slit  spectrograph  and  the  sixty-inch  reflector.  About  two- 
thirds  of  these  spectra  are  of  types  succeeding  Fo.  On  most  of  the 
photographs  the  region  of  spectrum  in  best  definition  extends  from 
A  4200  to  A  4900.  It  includes,  therefore,  the  two  hydrogen  lines 
Hy  and  UfS,  the  important  calcium  line  at  A  4227,  and  some  of  the 
most  prominent  iron  lines  in  the  entire  spectrum.  Since  the 
hydrogen  lines  show  a  rapid  decrease  in  intensity  w'ith  the  succes- 
sive types  F,  G,  K  and  M,  and  form  by  far  the  most  important 
criterion  in  the  determination  of  spectral  type,  accurate  determina- 
tions of  their  intensity  relative  to  other  lines  in  the  spectrum  are 
essential.  Accordingly  several  adjacent  iron  lines  have  been 
selected  which  show  but  a  moderate  change  of  intensity  in  these 
types,  and  estimates  are  made  on  an  arbitrary  scale,  extending  from 
zero  to  ten,  of  the  difFerences  in  intensity  between  the  hydrogen 
lines  and  this  selected  list.  The  calcium  line  A  4227  is  also  com- 
])ared  with   1  ly  in  the  tyi)es  Fo  to  05,  lx\vond  G5  the  difFerences 
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The  average  probable  error  of  the  determination  of  type  for 
these  four  stars  is  ±1.0,  and  this  is  about  the  value  obtained  for 
several  hundred  stars  classified  in  this  way.  It  is  evident  that  the 
accuracy  will  be  least  when  the  lines  compared  differ  greatly  in 
intensity,  as  in  the  types  Fo-F9  and  K5-Ma,  and  greatest  when  the 
lines  are  of  nearly  equal  intensity. 

This  simple  method  of  classification  may  be  recommended  as 
being  rapid  of  operation,  and  free  from  the  difficulties  connected 
with  the  comparison  of  separate  photographs  with  one  another.  It 
requires  the  establishment  of  a  scale  of  relative  intensity  estimates 
by  the  observer,  but  this  is  a  very  simple  matter  when  the  range 
employed  is  small.  To  some  extent  the  scale  will  be  dependent  upon 
the  dispersion  of  the  spectrograph  employed  since  several  of  the 
lines  used  are  compound  in  character.  We  have  found,  however, 
that  with  the  single-prism  spectrograph  at  Mount  Wilson  the  same 
reduction  curves  may  be  used  successfully  for  photographs  on 
which  the  linear  dispersion  varies  from  16  to  90  angstrom  units  to 
the  millimeter  at  the  center  of  the  spectrum. 

Determination   of  Absolute  Magnitude  and  Parallax 

The  method  of  classification  outlined  above  provides  a  means  of 
securing  a  list  of  stars  of  closely  similar  spectral  types.  From 
among"  these  stars  pairs  are  then  selected  for  which  the  absolute 
brightness  is  very  different,  and  the  relative  intensities  of  the 
spectral  lines  are  then  examined  carefully.  To  illustrate  the  method 
we  may  take  as  an  example  the  two  stars  61^  Cygni  and  a  Tauri. 
The  measured  parallaxes  of  these  stars  are  (Y'.Sl  and  0".07,  re- 
spectively, and  their  ap|)arent  magnitudes  are  5.6  and  1.1.  Their 
absolute  magnitude^  as  computed  from  the  equation 

M  =  ni  -+-5  +  5  1'>K  TT 

are  8.0  and  0.4;  that  is,  the  luminosity  of  a  Tauri  is  over  1100 
times  as  great  as  that  of  61^  Cygni.  A  comparison  of  the  spectra 
of  the  two  stars  side  hy  side  in  a  ilartmann  six^ctro-comparator 
shows  several  poiiUs  of  difference.  Of  these  two  are  most  im- 
|)ortant.  The  calcitmi  line  at  A  4455  is  very  strong  in  6V  Cygni 
and  relati\ely  weak  in  a  Tauri;  and  the  strontium  line  at  A  4216 
's  weak  in  01'   i  y^ni  and  strong  in  a  Tauri. 
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That  this  diflFerence  in  behavior  depends  upon  physical  conditions 
in  the  stars  and  is  not  merely  accidental  is  made  ahnost  certain  by 
solar  investigations.  The  line  A  4455  of  calcium  is  greatly 
strengthened  in  the  spectrum  of  sun-spots  and  increases  in  intensity 
with  reduction  in  temperature.  The  line  A  4216  of  strontium,  on 
the  other  hand  is  an  enhanced  line,  that  is,  stronger  in  the  spectrum 
of  the  spark  than  of  the  arc,  and  is  probably  a  high  temperature 
line.  It  is  very  prominent  in  the  spectrum  of  the  Sun's  limb  when 
photographed  at  eclipses,  and  also  in  the  upper  chromosphere. 
Numerous  other  smaller  differences  between  the  spectra  of  a  Tauri 
and  61*  Cygni  all  point  in  the  same  direction;  the  low  temperature 
lines  strengthened  in  sun-spots  are  stronger  in  61'  Cygni;  the  en- 
hanced lines  are  stronger  in  a  Tauri.  It  has  seemed  preferable, 
however,  for  two  reasons  to  use  only  these  two  lines  in  the  absolute 
magnitude  investigation.  First,  because  they  show  the  effect  most 
markedly;  and  second,  because  they  appear  to  be  influenced  but 
slightly  by  closely  adjoining  lines  which  blend  with  them. 

After  the  behavior  of  the  two  lines  A  4216  and  A  4455  had  been 
examined  in  a  Urge  number  of  stars  and  the  systematic  differences 
had  been  found  to  persist  thru  a  wide  range  of  spectral  type  the 
attempt  was  made  to  establish  a  numerical  relationship  between 
their  intensities  and  the  absolute  magnitudes  of  the  stars  in  which 
they  occur.  As  in  the  case  of  Hy  and  Up  used  for  classification 
purposes,  lines  were  selected  near  A  4216  and  A  4455,  with  which 
the  intensities  of  these  lines  were  compared,  the  differences  of  in- 
tensity being  estimated  on  a  scale  extending  from  zero  to  ten.  The 
pairs  of  lines  finally  adopted  for  all  of  this  work  are  as  follows: 

Line  Element  Line  Element 

X  4216  Sr        and  X  4250  Fe  (a) 

X  4455  Ca  X  4462  Fe,  Mn  (b) 

X  4455  Ca  X  4495  Fe  (c) 

For  convenience  of  reference  these  pairs  of  lines  will  be  designated 
in  the  future  as  (a)  (b)  and  (c).  The  value  (a)  =  — 2,  for 
example,  denotes  that  A  4216  is  estimated  to  be  two  units  fainter 
than  A  4250. 

As  soon  as  the  estimates  had  been  completed  a  number  of  the 
stars  with  well-determined  parallaxes  were  selected,  their  absolute 
magnitudes  were  computed,  and  curves  were  constructed  in  which 
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the  observed  differences  of  intensity  for  each  pair  of  lines  formed 
the  abscissse,  and  the  absolute  magnitudes  the  ordinates.  The  stars 
were  divided  into  five  groups  according  to  spectral  type  and  curves 
were  drawn  for  each  g^oup.    The  groups  are  as  follows : 

F0-F6 ;  F7-G7 ;  G8-K4 ;  K5-K9 ;  M. 

The  curves  are  so  nearly  straight  lines  in  the  case  of  the  first 
three  of  these  groups  that  straight  lines  have  been  adopted,  the 
constants  being  derived  by  least  square  solutions.  In  the  K5-K9 
group  the  curve  for  (a)  is  a  straight  line  but  not  for  (b)  or 
(c).  It  is  probable  that  there  are  no  straight  lines  in  the  M 
group,  but  this  is  very  uncertain.  The  significance  of  a  straight 
line  is,  of  course,  that  the  intensity  of  the  line  varies  uniformly 
with  the  absolute  magnitude. 

The  most  serious  difficulty  in  the  construction  of  these  curves 
is  the  scarcity  of  parallax  determinations  on  stars  of  high  lumi- 
nosity. Parallax  observers  have  confined  their  attention  almost 
wholly  to  stars  of  large  proper  motion  which  promise  to  yield  large 
parallaxes.  With  the  aid,  however,  of  the  Yale  observations  on  the 
very  bright  stars,  and  some  most  valuable  determinations  by 
Mr.  van  Maanen  of  the  parallaxes  of  certain  stars  of  small  proper 
motion  a  number  of  stars  of  very  high  luminosity  were  selected 
upon  which  the  lower  portions  of  the  curves  could  l^e  based.  Par- 
ticularly in  the  cases  of  the  KS-K9  and  the  M  groups  these  portions 
of  the  curves  are  still  most  uncertain,  and  must  be  adjusted  with 
the  aid  of  additional  parallax  observ-ations  when  they  become 
available. 

The  list  of  formuhe  derived  for  the  several  groups  is  given  in 
Table  III.  The  equations  are  from  my  own  observations.  A 
similar  list,  in  which  the  constants  differ  slightly,  has  been  obtained 
from  the  determinations  of  Miss  Burwell,  who  has  carried  out  a 
complete  series  of  estimations  of  the  line  intensities  in  these  stars. 
In  the  formulae  M  is  the  absolute  magnitude,  and  A  the  estimated 
difference  of  intensity  for  each  of  the  pairs  of  lines. 

Table  III 

U)  (b)  (c) 

F0-F7 M=-i.9  A +5.2  M  =  4-2.o  ^-\-3'3  M  =  -f-2.8  A -2.6 

F3-G7 M  =  -i.4   A+4.Q  M  =  4-2.0  ^-\-3.3  M  =  -f-2.8  A  -2.6 

G3-K4 M  =  -i.6  A +4.7  M  =  +  i.6  A-f5-i  M  =  -f-2.3  A -0.3 

K5-K9 M  =  -i.8  A +5.0  Cun-e  Cur\'e 

M  (low  luminosity) . .  M  =  —  1.5   A  -i-6.9  Curve  Curve 
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The  equation  and  curves  in  the  case  of  the  M  stars  are  applicable 
only  to  the  stars  of  low  luminosity.  In  the  case  of  the  Fo-F7  stars 
it  is  doubtful  whether  the  equations  given,  which  for  (b)  and  (c) 
are  the  same  as  in  the  G  group,  are  other  than  rough  approxima- 
tions. The  enhanced  lines  in  the  early  F  stars  are  normally  so 
prominent  that  it  is  not  surprising  that  the  method  begins  to  break 
down  at  this  point. 

To  illustrate  the  use  of  the  fonnulx  and  curves  we  may  select 
as  illustrations  a  few  stars  of  difTereni  spectral  types  and  magni- 
tudes. These  are  collected  in  Table  IV.  The  classification  is  from 
Mount  Wilson  determinations. 
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The  parallaxes  are  computed  from  the  absolute  magnitudes  by 
the  formula,  to  which  reference  has  already  been  made, 

slog»-M  —  m  —  s 
The  results  are  given  in  the  next  to  the  last  column  of  the  table, 
and  the  measured  parallaxes  in  the  tinal  column. 

It  is  evident  that  in  the  case  of  the  stars  whose  absolute  magni- 
tudes, as  computed  from  the  measured  parallaxes,  have  been  used 
in  the  derivation  of  the  relationship  between  line  intensity  and 
absolute  magnitude,  the  mean  values  of  the  magnitude  will  neces- 
sarily be  identical  with  those  derived  from  the  formulae.  The 
agreement  of  the  measured  and  the  computed  parallaxes  of  the  in- 
dividual stars,  however,  serves  as  important  evidence  bearing  on 
the  validity  of  the  method. 

In  two  laUes  published  in  detail  in  the  Proceedings  are  collected 
all  of  the  Stan  with  measured  parallaxes  equal  to  or  exceeding 
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4-0''.05  for  which  we  have  spectral  observations.  The  first  con- 
tains the  stars  used  in  the  derivation  of  the  curves;  but  in  the 
second  the  results  are  quite  independent  and  serve  as  a  rigorous 
test  of  the  value  of  this  means  of  computing  stellar  parallaxes. 
The  average  deviation,  taken  without  regard  to  sign,  between  the 
observed  and  the  computed  values  for  the  stars  of  the  first  table 
is  (y\024;  for  those  of  the  second  table  it  is  0''.026.  The  devia- 
tions are  distributed  as  follows: 

First  Table o— o'.o2  (37),  o*'.02— o'.04  (16),  >o'.04  (  5) 

Second  Table o— o'.o2  (43),  o'.02— 0^.04  (11),  >o'.o4  (12) 

There  is  but  one  deviation  exceeding  CKM  in  the  124  stars  con- 
tained in  the  two  tables.  There  seems  to  be  no  marked  systematic 
difference  between  the  observed  and  the  computed  parallaxes;  the 
former  average  somewhat  larger,  but  this  is  due  mainly  to  a  few 
large  discrepancies. 

There  are  25  stars  with  measured  negative  parallaxes  for  which 
we  have  made  spectrum  determinations.  The  largest  value  for 
any  one  of  these  stars  as  computed   from  the  line   intensities  is 

-j-CK'.08 ;  the  average  value  for  all  is  -\-0'\03.  The  spectrum 
method,  of  course,  gives  no  negative  parallaxes. 

It  seems  reasonable  to  conclude  from  these  results  that  the 
method  of  computing  absolute  magnitudes  and  parallaxes  from  the 
variation  of  the  intensities  of  lines  in  stellar  sjx^ctra  is  capable  of 
yielding  results  of  a  very  considerable  degree  of  accuracy.  Especi- 
ally in  the  K  and  M  type  stars  of  low  luminosity  the  line  variations 
are  so  great  that  such  stars  may  be  recognized  from  a  mere  in- 
si)ection  of  the  si)ectrum.  Stars,  for  example,  like  61  Cyi^ni, 
Groom.  34  and  Kriiger  (>0  Ix^ar  very  evident  marks  of  their  in- 
trinsic faintness  in  the  remarkable  intensity  of  the  low  temperature 
calcium  lines  in  their  sj>ectra. 

An  important  gain  in  the  value  of  this  method  of  determining 
stellar  magnitudes  and  distances  should  result  from  an  increase  in 
the  number  of  measured  parallaxes  of  bright  stars  of  small  proper 
motion.  Such  stars  will  on  the  average  prove  to  be  very  luminous, 
and  as  already  stated  the  portion  of  the  curves  connecting  line 
intensity  with  absolute  magnitude  is  subject  to  much  more  imcer- 
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tainty  in  the  case  of  the  very  high  luminosity  stars  than  in  any  of 
the  others.    It  is  probable  that  after  such  a  revision  has  been  made 
the  method  will  find  its  most  important  application  as  a  means  of 
distinguishing  these  giant  stars  in  the  stellar  system. 
Mount  Wilson  Solar  Observatory, 
January.  1916. 


THE  DIURNAL  VARIATION   OF  THE  REFR.ACTION. 


By  R.  H.  Tucker. 


The  question  of  diurnal  variation  in  the  amount  of  the  atmospheric 
refraction  is  not  entirely  a  new  one.  But  there  are  still  points  of 
novelty  in  its  consideration,  and  the  references  to  the  subject  are 
mostly  rather  vague,  with  but  little  data  of  definite  value.  It  has 
been  conceded  that  each  observing  station  may  require  special  treat- 
ment, and  this  is  especially  likely  for  one  of  the  elevation  of  Mount 
Hamilton.  Every  observation  of  a  standard  star,  made  here,  has 
been  reduced  in  such  a  manner  as  to  present,  in  the  derived  value 
of  the  latitude,  a  contribution  to  the  refraction  correction.  For  many 
years  these  values  agree  in  giving  a  smaller  value  of  the  refractions 
during  the  night  observations,  than  that  of  the  Poulkova  constant, 
which  is  already  considerably  smaller  than  that  of  Bessel,  long 
adopted  for  meridian  work  in  the  large  observatories  of  the  world. 

In  the  preliminary  reductions  of  the  fundamental  work,  carried  on 
here  from  1905  to  1908,  it  became  evident  that  the  value  of  the  re- 
fraction in  daytime  observing  was  different  from  that  of  the  night 
hours,  and  the  subject  was  thoroly  discussed,  for  the  years  1905 
and  1906  in  L.  O.  Bulletin  No.  231,  published  in  April,  1913. 

The  variation  there  derived  was  based  upon  the  combination  of 
the  extreme  southern  stars,  and  north  stars  at  lower  culmination,  in 
two  programs,  differing  twelve  hours  in  right  ascension.  The 
separate  stars,  up  to  80^  zenith  distance  south,  and  83°  north,  were 
also  treated  individually,  for  comparison  of  the  effect  of  spectral 
type.     No  dependence  upon  type,  or  magnitude,  or  zenith  distance, 
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or  position  north  or  south,  could  be  traced  in  the  various  combina- 
tion ;  which  agree  in  giving  a  total  difference  between  day  and  night 
refractions,  which  is  in  the  neighborhood  of  0".5  tan.  Z.  D.,  or  about 
one  per  cent,  of  the  total  refraction. 

The  observations  of  those  years  were  planned  for  every  hour  of 
the  day  and  night,  but  some  gaps  unavoidably  occurred  in  the  months 
of  bad  observing  weather.  Also,  since  the  principal  object  at  the 
time  was  considered  to  be  the  observation  of  the  azimuth,  and  the 
derivation  of  the  position  of  the  meridian  mark  and  its  variations, 
the  zenith  distances  were  not  always  observed  at  the  transit  near 
noon,  the  unsteadiness  of  the  stars  being  so  great  that  the  results 
were  likely  to  be  very  uncertain.  Since  the  development  of  the  diurnal 
change  in  the  refraction,  the  noon  observations  are  necessary  to  fill 
in  the  curve  of  the  variation  in  daytime,  and  these  observations  will 
be  made  in  this  year,  if  weather  conditions  permit  The  original 
series  gives  detemiinations  extending  from  three  and  a  half  hours 
before  sunset,  to  over  four  hours  following  sunrise.  Polaris  and 
P  UrscB  Majoris  can  be  observed  at  noon;  but  even  the  brightest 
stars  can  not  be  observed  in  full  daylight  at  low  altitudes,  where  the 
density  of  the  atniospliere  renders  the  absorption  too  great  for  their 
visibihty.  I  commonly  reckon  that  the  brightness  is  reduced  by 
five  magnitudes  at  the  zenith  in  dayhght,  another  magnitude  at 
zenith  distance  70 ^  and  over  two  magnitudes  at  80°.  The  un- 
steadiness at  even  moderate  zenith  distances  adds  greatly  to  the 
difficulty  of  making  daytime  observations,  for  the  faint  object 
actually  disappears  entirely  under  bad  conditions.  The  full  pro- 
gram of  stars  extended  an  hour  Ix^yond  the  daylight  limits  mentioned 
above,  but  the  zenith  distances  of  all  but  ten  stars  were  too  small  for 
profitable  discussion  of  refraction  errors.  The  present  series  will 
uiclude  night  observations,  those  in  full  daylight,  and  the  necessary 
check  determinations  upon  other  stars  near  sunrise  and  sunset 
Meantime,  a  test  has  been  made  of  the  earlier  observations  of  Polaris 
in  combination  with  /3  Urscc  Majoris,  both  of  which  transit  near  the 
same  time,  at  opposite  culminations.  These  two  stars  are  of  similar 
spectral  type,  tho  the  zenith  distances  are  not  great  enough  to  intro- 
duce any  sensible  atmospheric  dispersion.  Observations  of  a  Andro- 
mcdae  were  always  made  in  the  same  series,  which  gives  a  check 
value  of  the  instantaneous  latitude,  independent  of  errors  of  nadir 
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and  of  the  Variation  of  Latitude.  From  the  respective 
probable  errors,  I  estimate  such  a  determination  of  the  zenith  point 
as  of  three  times  the  weight  of  nadir  direct. 

The  combination  of  Polaris  U.  C.  and  fi  Urs.  Maj.  L.  C.  gives  a 
difference  of  tangents  of  zenith  distance  =  L23,  which  is  of  course 
very  small  in  comparison  with  the  single  stars  at  low  altitudes, 
which  gave  tangent  factors  six  or  more  times  as  large;  doubled 
again  in  the  combination  of  north  and  south  stars,  upon  which  the 
final  result  was  based.  The  combination  also  of  four  circumpolar 
stars,  of  declinations  60®  to  70°  gave  differential  tangent  factors,  at 
the  two  culminations,  of  from  4  to  8,  for  a  check  computation  of 
the  variation.  In  any  of  the  direct  comparisons  the  declination 
errors  are  included,  but  these  are  fully  eliminated  in  the  comparison 
of  day  and  night  results.  Thus,  the  combination  above  described 
gives  the  following  corrections  to  the  Poulkova  Refractions: 

2t  Daytime  observations,  +o'  .27  tan  Z.  D. 
19  Night  "  +0  .17   "      " 

Difference  (D-N)  +0  .10  "      " 

Two  daytime  differences,  nearly  balancing  in  effect,  were  excluded 
from  the  computation,  as  their  respective  residuals  exceed  four  times 
the  probable  error  of  a  single  value. 

The  combination  of  Polaris  L.  C.  and  p  Urs,  Maj.  U.  C.  is  not 
nearly  as  strong,  as  the  difference  of  tangents  is  only  0.59,  and 
should  have  one-fourth  the  weight  of  the  first  combination,  depend- 
ing upon  the  squares  of  the  respective  factors.  The  probable  error 
of  a  single  determination  of  the  refraction  correction  in  the  first,  is 
one-third  that  of  the  second  combination.  This  last  gives  the  cor- 
rections to  the  Poulkova  Refractions : 

17  Daytime  observations,  +i'.44tanZ.  D. 
17  Night  "  +0  42   "      " 

(D-N)  +1  .oj   •      " 


The  weighted  mean  of  I  and  n  is.  D  —  N  =  +0."28  tan  Z.  D. 
from  76  series. 

During  the  year  1905-06  a  full  100  transits  were  obtained  of 
Polaris,  and  the  accompanying  stars,  but  the  zenith  distance  observa- 
tions were  omitted  for  a  portion  of  the  transits.  This  weighted 
result  is  in  fair  accord  with  the  much  stronger  value  of  the  dis* 
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cussion  in  the  published  Bulletin.  There  is  a  slight  progressive 
change  during  the  night,  and  a  very  rapid  change  near  sunrise  and 
sunset ;  the  mean  result  for  daytime  falls  within  two  hours  of  these 
two  epochs  and  accordingly  the  full  effect  of  the  change  does  not 
appear  in  the  mean  differences.  It  has  given  a  better  illustration  of 
the  effect  to  reckon  from  sunrise  and  sunset,  rather  than  from  noon, 
as  the  length  of  the  day  changes  so  greatly  with  the  seasons;  and 
the  effect  may  be  believed  to  be  due  to  the  action  of  the  Sun,  while 
above  the  horizon,  in  changing  the  refractive  influence  of  the  air 
strata  from  that  computed  for  the  temperatures  given  by  our  ther- 
mometers at  the  surface  of  the  Earth.  The  actual  recorded  tempera- 
tures, and  their  changes  up  or  down,  during  the  hours  of  observa- 
tion, were  shown,  in  the  earlier  discussion,  to  have  no  direct  in- 
fluence upon  the  general  result. 

To  illustrate  the  conformity  of  the  variation  at  different  zenith 
distances,  the  results  of  the  full  list  of  stars  in  the  two  prog^rams 
are  tabulated  below.  The  greater  part  of  all  meridian  work  is  done 
at  night,  and  the  discussion  of  daytime  refraction  corrections  has 
practical  value  only  in  connection  with  fundamental  work,  which 
must  be  carried  thru  the  twenty-four  hours.  In  the  differential 
determination  all  other  sources  of  error  have  been  quite  completely 
eliminated.  In  the  original  reductions,  the  graduation  errors 
measured  for  all  the  divisions  employed  (Z..  O.  Pub.  Vol.  X),  have 
been  applied,  but  even  these  corrections  are  eliminated  in  the  com- 
parison. For  south  stars,  the  errors  of  the  standard  declinations 
adopted  enter  the  direct  determination  of  the  refraction  correction, 
but  are  eliminated  in  the  differential  comparison.  For  circumpolar 
stars  it  is  theoretically  possible  to  eliminate  the  errors  of  assumed 
declinations,  by  observing  both  the  culminations ;  but,  practically, 
we  have  to  deal  with  two  determinations  under  varying  conditions, 
with  different  nadir  readings,  graduation  errors  and  widely  different 
zenith  distances  at  the  two  culminations.  The  only  safe  course  is 
to  arrange  the  reduction  of  the  observations  so  as  to  eliminate  everv 
error  except  the  accidental  errors  of  observation,  which  are  dimin- 
ished in  effect  as  we  increase  the  number  of  determinations,  up  to 
the  point  of  practical  efficiency.  Astronomical  literature  bears  the 
burden  of  numerous  discussions,  these  days,  assuming  the  failure  of 
methods    of    observation,    due    to    accidental    refraction    errors,    to 
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sluggish  levels,  and  to  various  defects  in  the  instruments  employed. 
In  contrast,  we  are  here  dealing  with  a  practical  source  of  error,  the 
effect  of  which  can  be  determined  and  accounted  for. 

Diurnal  vmriatioo  at  all  Zcnitli  DisUnces  (D-X). 

4  South  Stan,  Z.  D.  76*.7„  oorrectioo,  +o'.28  tan  Z.  D. 
14  AT        •  •     41    I  •         -H>  .17     •      • 

4Z  •  •       1.4  

5  U.  C.      •  •     25  .2  •         -o  .20    •      • 
5  L.  C.      •          •     7S  .2  •         +0  .32    •      ■ 

Pidaru  *52Jb  •         +0  .58    •      • 

The  mean,  with  weights  proportional  to  the  tangents  is  -^-V^SO 
tan  Z.  D. :  and  with  weights  proportional  to  the  squares  of  the 
tangents  it  is  +0".31  tan  Z.  D.  The  full  difference,  with  daylight 
observations  extended  to  noon,  will  be  considerably  larger. 

The  da>'time  observations,  besides  the  difficulty  of  making  them, 
have  very  much  larger  accidental  errors  than  those  made  under  the 
favorable  conditions  generally  prevailing  at  night  The  rapidly 
moving  south  stars  are  more  difficult  to  see  than  the  comparatively 
slow  moving  north  stars,  and  the  atmospheric  glare  facing  south 
makes  a  very  considerable  difference.  Thus,  second  magnitude 
stars  are  often  impossible  at  moderate  zenith  distances  south,  while 
north  stars  of  similar  brightness  and  altitude  are  comparatively  easy 
to  observe.  In  general,  from  experience  at  three  other  important 
observing  stations,  the  daytime  conditions  at  Mount  Hamilton  can 
be  described  as  the  worst  of  all  the  stations,  while  night  conditions 
are  often  the  best  experienced  at  any  of  them. 

It  is  a  curious  anomaly,  here,  noticed  generally  in  daytime,  that 
the  stars  south  of  the  zenith  are  comparatively  steadier  than  those 
north,  when  a  southerly  wind  prevails;  and  the  reverse  conditions 
are  noticed  when  a  northerly  wind  prevails. 

March  15,  1916. 
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PLANETARY  PHENOMENA  FOR  MAY  AND  JUNE,  1916. 


By  Malcolm  McNeill. 


Phases  of  the  Moon,  Pacific  Time. 


New  Moon May    ist,    gh  29m  p.m. 

First  Quarter *^     loth,  12    47     a.m. 

Full  Moon "     17th,  6    11     a.m. 

Last  Quarter. ...    **     23d,     9    16     p.m. 
New  Moon "     31st,  11    37     a.m. 


First  Quarter. .  .June   8th,  3h  59m  fm 

Full  Moon **     isth,  i    42     pjc. 

Last  Quarter **     22d,  5    16     ajc. 

New  Moon **    soth,  2    43     am. 


The  Sun  reaches  the  summer  solstice  on  June  21,  10**  24"  a. 
Pacific  time,  and  then  begins  to  move  southward. 


M. 


Mercury  during  May  is  in  the  best  position  of  the  year  for  evening 
observation.  On  May  1st  it  sets  more  than  an  hour  and  a  half  after 
sunset,  and  this  interval  increases  until  near  the  middle  of  the  month, 

when  it  is  only  a  few  minutes  less  than  two  hours.  Greatest  east 
elongation  is  reached  on  the  morning  of  May  12th.  Its  apparent 
distance  from  the  Sun  is  then  21°  43',  an  average  distance  for  a 
greatest  elongation.  After  passing  greatest  elongation  the  planet 
approaches  the  Sun,  so  that  during  the  last  week  in  May  it  is  too 
near  for  naked  eye  view.  On  June  5th  inferior  conjunction  is 
reached  and  the  planet  becomes  a  morning  star.  The  distance  be- 
tween the  Sun  and  planet  rapidly  increases  and  greatest  west  elonga- 
tion is  reached  on  the  evening  of  June  29th.  The  elongation  is  of 
average  size,  21°  52';  but  the  planet  is  a  considerable  distance  south 
of  the  Sun,  partly  because  it  is  in  the  southern  part  of  its  orbit,  and 
the  interval  between  the  rising  of  the  planet  and  sunrise  is  but  little 
more  than  one  hour,  so  that  it  is  in  rather  poor  position  for  naked  eye 
view.  At  the  beginning  of  May  the  planet  is  about  twice  as  bright 
as  the  ordinary  first  magnitude  star,  but  it  grows  fainter  and  by  the 
time  it  is  too  near  the  Sun  for  observation  toward  the  end  of  the 
month  it  is  about  as  bright  as  the  pole  star. 

Venus,  except  for  the  Moon,  is  by  far  the  most  conspicuous  object 
in  the  evening  sky  until  near  the  end  of  June.    On  May  1st  it  does 
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not  set  until  nearly  II  p.  m.,  not  quite  four  hours  after  sunset:  but 
having  passed  its  greatest  east  elongation  near  the  end  of  April, 
the  Sun  and  planet  are  apparently  drawing  nearer  together.     On 
June  iM  it  remains  above  the  horiion  until  nearly  three  hours  after 
sunset.     This  interval  diminishes  to  less  than  two  hours  by  the  I 
middle  of  the  month,  and  by  the  end  of  the  month  the  two  bodies  ] 
arc  nearly  in  conjunction,  too  near  for  naked  eye  view  of  the  planet.  J 
On  May  27th,  halfway  between  greatest  elongation  and  inferior  1 
conjunction,  P'tnus  reaches  its  greatest  brilliancy,  being  then  bright  ' 
enough  to  be  seen  in  full  daylight,  altho  not  very  easy  to  delect  unless 
ooe  knows  just  where  to  loi^  for  it.     Its  stellar  magnitude  is  tlien 
—4J2,  that  is  it  is  more  than  one  hundred  times  as  bright  as  the 
average  first  magnitude  star.     Its  motion  among  the  stars  is  east- 
ward until  June  11th,  about  26°  since  May  1st,  from  the  eastern    ' 
border  of  Tourvs  into  Gemini  being  at  the  latter  date  a  few  degrees    ' 
south  of  Castor  and  Pollux.    It  then  begins  to  retrograde,  move 
westward,  and  at  the  end  of  the  month  has  gone  back  about  7° ;  but 
during  the  turning  it  has  also  moved  southward  so  that  on  June  30th 
it  is  over  6°  due  south  of  the  position  it  occupied  on  May  21st.    The 
fdativc  motUMU  of  I'enus  and  Saturn  are  very  interesting,  and    ' 
afford  a  very  good  illustration  of  direct  and  retrograde  planetai? 
motion.    Solum  during  the  two  months'  period  moves  about  6" 
direct,  that  is,  eastward.    The  two  planets  arc  twice  in  conjunction: 
the  first  time  on  the  night  of  May  23-24,  when  I'trnus  passes  Saturn 
3°  25'  north  of  the  latter.     The  relatively  greater  eastward  motion 
of  yenus  soon  slackens,  and  after  it  reaches  a  jxwition  about  4°  east 
of  Saturn  in  early  June,  it  begins  to  approach  again,  but  meanwhile 
swings  a  considerable  amount  to  the  southward  so  that  when  they 
reach  the  second  conjunction  on  June  22nd  t'eniu  is  not  quite  1" 
south  of  Saturn,  having  nearly  encircled  the  latter  in  the  month 
elapsed  since  the  first  conjunction. 

ilari  is  stUI  in  pood  position  in  the  western  sky  for  evening 
observation  altho  it  has  ceased  to  be  a  very  conspicuous  object ;  how- 
ever it  is  still  easily  identified.  On  May  Isl  it  is  about  twice  as  bright 
as  an  average  star  of  the  first  magnitude,  but  by  the  end  of  June  it 
is  about  half  way  between  a  first  and  second,  that  is,  twice  as  briglit 
as  the  pole  star.  On  May  Ut  it  set  shortly  before  2  a.  m.  and  at  about 
1)  p.  M.  on  June  30th.    During  the  two  months  it  moves  about  27* 
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eastward  and  12°  southward  from  Cancer  to  the  eastern  part  of  Leo. 
During  the  latter  half  of  May  it  is  near  the  first  magnitude  star 
Regulus,  a  Leonis,  passing  that  star  on  May  24th  from  west  to  east 
and  about  1°  north. 

Jupiter  is  a  morning  star  almost  too  near  the  Sun  for  naked  eye 
view  on  May  1st  as  it  then  rises  less  than  an  hour  before  sunrise; 
but  the  interval  increases  rapidly  so  that  by  the  end  of  June  it  rises 
shortly  after  midnight.  It  is  in  the  eastern  part  of  Pisces,  moving 
11°  eastward  and  4°  northward  during  the  two  months. 

Saturn  is  still  in  fair  position  in  the  western  sky  in  the  evening, 
but  is  gradually  drawing  near  the  Sun.  On  May  1st  it  remains  above 
the  horizon  until  about  11*^  30"*  p.  m.,  but  at  the  end  of  June  it  sets 
a  few  minutes  after  8  p.  m.,  only  a  little  more  than  a  half  hour  after 
sunset,  and  therefore  too  near  for  naked  eye  view.  It  is  in  the  con- 
stellation Gemini  south  and  west  of  Castor  and  Pollux  and  during 
the  two  months  moves  about  7°  eastward  among  the  stars.  The 
relative  motions  of  Saturn  and  Venus  have  already  been  noted. 

Uranus  rises  shortly  before  2  a.  m.  on  May  1st  and  shortly  before 

10  p.  M.  on  June  30th.  It  is  in  the  constellation  Capricorn  and  moves 
slowly  eastward  until  ^lay  24th  and  then  begins  to  retrograde,  but 
the  whole  motion  is  about  equal  to  the  ap])arent  diameter  of  the 
Moon.  No  bright  star  is  near  it,  but  the  third  magnitude,  8  Capncor}ii, 
is  about  3"^'  east  and  T'  south  of  the  planet. 

Xcptnnc  is  in  the  western  sky  in  the  evening  in  the  constellation 
Cancer. 


(KICJITV-SIXTH)   AWARD  OF  THE  DOXOHOK 

COM  p:T- MEDAL 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific  has 
been  awarded  to  Mr.  John  E.  Mellish,  of  Cottage  Grove,  Wisconsin, 
for  the  discovery  oi  an  unexpected  comet  on  February  10,  1915. 

CoMMI'lTKr:   ON    THK    CoM  KT-M  Kl).\L  ! 

W.  W.  Campbicfx, 
R.  H.  Ticker, 

HK1U:r   D.   ClRTIS. 
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(EIGHTY-SEVENTH)  AWARD  OF  THE  DONOHOE 

COMET-MEDAL 

The  Comct-Mcdal  of  the  Astronomical  Society  of  the  Pacific  has 
been  awarded  to  Mr.  John  E.  Mellish,  of  Cottage  Grove,  Wisconsin, 
for  the  discovery  of  an  unexpected  comet  on  September  13,  1915. 

Committee  on  the  Comet-Medal: 

W.  W.  Campbell, 
R.  H.  Tucker, 
Heber  D.  Curtis. 


(EIGHTY-EIGHTH)  AWARD  OF  THE  DONOHOE 

COMET-MEDAL 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific  has 
been  awarded  to  Mr.  C.  J.  Taylor,  of  Cape  of  Good  Hope,  South 
Africa,  for  the  discovery  of  an  unexpected  comet  on  December  2, 
1915. 

Committee  on  the  Comet-Medal: 

W.  W.  Campbell, 
R.  H.  Tucker, 
Heber  D.  Curtis. 


NOTES  FROM  PACIFIC  COAST  OBSERVATORIES. 


The  Production  of  Certain  Banded  Spectra  in  the 

Electric  Furnace. 

Experiments  have  recently  been  made  with  the  electric  furnace 
to  obtain  evidence  on  the  origin  and  observe  the  behavior  at  various 
temperatures  of  the  banded  spectra  which  have  been  ascribed  by 
Fowler  and  others  to  titanium  oxide,  magnesium  hydride  and  cal- 
cium hydride,  respectively.  All  of  these  bands  occur  in  sun-spot 
spectra,  and  the  probability  that  the  first  named,  the  "Antarian 
bands,"  are  due  to  titanium  oxide  has  been  taken  as  indicating  the 
presence  of  oxygen  in  the  Antarian  stars  as  well  as  in  the  Sun. 

It  was  noted  in  a  previous  investigation  that  these  Antarian 
bands  do  not  appear  when  titanium  is  vaporized  in  the  furnace  in 
vacuum.  The  present  work  was  undertaken  to  see  if  the  presence 
of  oxygen  would  bring  out  the  bands  in  the  furnace  as  it  does  in 
the  arc.  Tests  with  air  in  the  furnace  chamber  at  one-half  atmos- 
phere and  at  atmospheric  pressure  did  not  give  the  bands.  It 
seemed,  however,  that  this  might  indicate  simply  a  lack  of  oxygen 
in  the  furnace  tube  due  to  its  carbon  immediately  using  up  the 
oxygen  of  the  contained  air,  there  being  little  circulation  thru  the 
horizontal  tube.  The  windows  of  the  furnace  chamber  were 
therefore  removed,  and  a  plentiful  supply  of  air  was  introduced 
directly  into  the  tube  by  means  of  a  silica  tube  attached  to  a 
bellows.  The  band  si)ectrum  then  appeared  with  great  intensity. 
Altho  pure  oxygen  has  not  yet  l^een  tried  in  the  furnace,  it  is 
fairly  certain  that  the  banded  spectrum  is  brought  out  by  the 
oxygen  of  the  air,  since  it  has  been  found  with  the  arc  that  an 
atmosphere  of  nitrogen  suppressed  the  bands. 

When  the  bands  were  made  strong  in  the  furnace,  the  line 
spectrum,  at  least  in  the  yellow  and  red  region  under  examination. 
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was  rendered  very  faint,  as  if  all  the  titanium  vapor  were  turned 
into  the  oxide,  and  this  gave  the  band  spectrum  alone.  No  decided 
change  in  temperature  was  evident  when  air  was  used  in  the  tube. 
It  may  be  noted  that  this  use  of  the  furnace  produces  what 
may  be  regarded  as  a  very  hot  flame  spectrum,  since  the  metallic 
vapor  in  the  tube  is  raised  to  a  high  temperature  and  the  oxygen 
is  then  supplied  for  the  flame  effects. 

Experiments  with  the  furnace  in  vaporizing  magnesium  and 
calcium  in  an  atmosphere  of  hydrogen  confirms  the  arc  results  as 
to  the  effect  of  hydrogen  in  bringing  out  the  bands  ascribed  to 
the  hydrides  of  these  elements.  Both  sets  of  bands  can  be  pro- 
duced faintly  with  the  furnace  pumped  out,  but  the  spectrum  of 
th<  "tube-arc"  has  shown  that  considerable  hydrogen  is  present 
under  such  conditions,  probably  occluded  by  the  graphite  tube.  The 
use  of  hydrogen  in  the  furnace  chamber  at  different  pressures  and 
temperatures  gave  rather  variable  results  until  the  method  was 
adopted  of  passing  a  stream  of  hydrogen  thru  the  furnace  tube 
during  the  exposure,  the  pressure  in  the  chamber  being  maintained 
at  from  10  to  20  cm.  of  mercury.  The  bands  were  then  obtained 
moderately  strong  without,  however,  any  perceptible  weakening  of 
the  line  spectrum.  The  best  defined  bands  in  these  bands  are  at 
AA  4845,  5211,  5261  for  magnesium  and  AA  6382,  6389  for  cal- 
cium. A  temperature  not  higher  than  2200°  C.  seemed  to  be  most 
favorable  for  them.  At  2500°  the  bands  were  weaker  and  were 
liable  to  appear  in  absorption,  as  if  they  were  given  by  the  cooler 
vapor  near  the  end  of  the  tube. 

These  results  indicate  that  the  strengthening  of  the  titanium, 
magnesium,  and  calcium  bands  by  the  presence  of  oxygen  or  hydro- 
gen, observed  in  the  arc  experiments,  does  not  depend  on  an  altera- 
tion of  the  arc  discharge  by  the  surrounding  gas,  and  point  to  the 
formation  of  a  compound  at  moderate  temperature  in  each  case. 

Arthur  S.  King. 


The  Magnesium  Line  A  4571  in  the  Electric  Furnace. 

In  some  experiments  made  in  1904  with  a  furnace  consisting  of 
a  carbon  tube  tested  by  an  arc  playing  on  the  outside,  I  observed  a 
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very  high  relative  intensity  of  the  Mg  line  X  4571.275,  one  of  the 
weaker  arc  lines,  when  magnesium  was  vaporized  inside  the  tube. 
A  recent  study  of  the  magnesium  spectrum  in  the  tube  resistance 
furnace  at  different  temperatures  has  confirmed  this  observation 
and  shows  a  striking  contrast  between  this  line  and  neighboring 
lines  of  magnesium.  At  1950°  C,  X  4571  is  of  nearly  the  same 
intensity  as  A  5184,  the  strongest  member  of  the  b  group,  while 
the  strong  arc  lines  AX  4352  and  4703  have  not  appeared.  At 
temperatures  above  2200°,  while  the  arc  lines  are  gradually 
developing  A  4571  is  liable  to  appear  in  absorption,  its  tendency 
to  reverse  being  comparable  with  that  of  the  calcium  line  A  4227, 
A  4571  remains  narrow,  however,  and  when  in  absorption  does  not 
show  distinct  emission  wings  in  the  photographs  thus  far  made, 
indicating  that  the  line  may  not  be  given  by  the  hot  vapor  in  the 
middle  of  the  tube.  At  any  rate,  a  decided  strength  for  A  4571 
seems  a  clear  indication  of  a  low  temperature  condition. 

Arthur  S.  King. 


The  SrHCTRi'M  or  Nova  GKMixoRr.M  No.  2.  Fi-p.ruarv,  1916. 

A  p]iotoi^ra[)h  of  the  spcctnini  of  Nova  Gcmiiionon  No.  2  taken 
on  the  nights  of  Fehruary  12lli  and  13th  with  a  total  exposnre  of 
nine  hours  sliows  that  it  has  remained  essentially  unchanged  during 
the  past  year.  The  spectrum  is  of  the  definite  Wolf-Rayet  type 
with  hright  hydrogen  lines  and  an  exceedingly  prominent  bright 
band  at  A  468^).  Several  other  Wolf-Rayet  bands  are  present.  The 
continuous  spectrum   is  very  strong. 

Waltkr   S.   Adams. 

Fraxcis  G.   Pease. 


Two  Spectroscopic  ]>ixaries. 

Range  in 
.Mai,'.  S[)('(triim       R.  A.  igi5       Dec.  1015       X'elocity,  km 

Boss   41,^0        .  57  I''8p  i()hTim.5  +34°  5'         Composite 

5()u()    .  .  .  50  \2  23     14    .1  4-41     19       —86  to  +10 

The   first   of  tlu'sc   stars   is   the   brighter  com])onent   of  the   well- 
known   double  star  a  Coronac.     (  )n   two  of  the   spectrograms  the 
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spectra  of  both  components  appear  and  are  very  similar  in  diar- 
acter.  A  relative  displacement  between  the  components  of  nearly 
140^*  is  indicated  by  one  of  these  photographs. 

Walter  S.  .\dams. 


An  Interesting  C.\se  of  T^o  Stars  of  Common  Motion. 

In  a  previous  number  of  this  Journal  reference  was  made  to  the 
extraordinary  radial  velocit>'  of  the  large  proper  motion  star 
A.  Oe.  14320.  .\  second  star  with  the  same  proper  motion  is  dis- 
tant from  it  3^  in  declination.  Two  observations  of  the  spectrum 
of  this  second  star  have  now  been  obtained.  The  results  for  the 
pair  are  as  follows: 

Mag.  Spectrum    R.  A.  1915     Dec.1915         |i      V,  km 

A.  Oe.  143M    9-^     G4      ish  sm-s     — 15*  S/S    s'-T^    +^5 
AOe.  14318    9.6    G5      ish  5m.5     — 16'    2',$    s'-T^     +307 

The  photographs  were  taken  with  low  dispersion  and  the 
accuracy  of  the  determinations  is  relatively  low.  The  radial 
velocities  of  the  two  stars  may,  therefore,  be  considered  as  eqtial. 
The  absolute  parallax  of  the  stars  is  -K)".035  according  to  a  deter- 
mination by  Russell.  Hence  their  distance  from  one  another  is 
about  8600  times  the  radius  of  the  Earth's  orbit,  or  about  one- 
thirtieth  of  the  distance  to  a  Ccntauri.  We  have,  therefore,  the 
interesting  result  that  two  stars  separated  from  each  other  by  an 
interval  of  the  order  of  stellar  distances  are  moving  in  precisely 
the  same  direction  at  a  rate  of  about  580^  per  second. 

Walter  S.  .Adams. 


The  Colors  of  Fifteen  Variablf^s  in  M  3. 

We  know  from  Bailey's  work  that  in  length  of  period  and  nature 
of  light  variation  the  variable  stars  in  the  globular  cluster  Messier  3 
arc  closely  similar  to  the  short  period  Cepheids  found  outside  the 
clusters.  From  recent  measures  of  photographic  and  photovisual 
magnitudes  it  now  appears  that  the  spectra  of  these  stars  are  also 
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similar  to  the  spectra  of  the  non-cluster  variables  of  analagous 
periods.  The  following  values,  which  indicate  the  color  at  or 
near  maximum  light,,  are  given  only  to  tenths  since  they  are  sub- 
ject to  some  revision  when  the  study  of  the  cluster  is  completed. 


Photovisual 

Color 

Photovisual 

Cokv 

No.  Var. 

Magnitude 

Index 

No.  Var. 

Magnitude 

Index 

22 

152 

-ho.  2 

71 

15.2 

-ho»i 

43 

15.2 

-ho.  I 

85 

15.3 

-j-o.o 

44 

15.3 

-ho.  2 

98 

iS-3 

-ho.2 

S6 

15.3 

—0.2 

99 

15.2 

-ho.i 

6i 

151 

—0.1 

107 

15.2 

-1-0.3 

6S 

14.9 

-ho.o 

121 

15.1 

—0.2 

70 

.   IS  2 

—0.0 

128 

15.2 

—0.1 

The  average  photovisual  magnitude  at  maximum  is  15.20.  The 
average  color  index  is  -}-0.05,  corresponding  to  spectral  type  Al, 
which  is  practically  identical  with  the  average  spectral  type  at 
maximum  of  the  Cepheids  with  periods  less  than  a  day.  If  we 
assume  that,  in  keeping  with  other  Cepheids,  the  average  absolute 
brightness  of  these  variables  in  Messier  3  is  not  fainter  than  zero 
magnitude  at  maximum,  then  we  derive  at  once  that  the  parallax 
of  the  cluster  is  less  than  CK'.OOOl. 

One  of  the  brightest  stars  in  the  cluster,  No.  95,  is  a  variable 
of  a  totally  ditYerent  type.  The  range  is  small.  Bailey  was  unable 
to  determine  the  period  and  suggested  that  it  might  be  an  Algol 
variable.  The  new  magnitude  measures  show  the  star  to  be  very 
red ;  it  may,  therefore,  be  a  variable  of  long  or  irregular  period. 
Many  such  stars  are  known  to  be  of  high  luminosity. 

Harlow  Shaplev. 


A   Low    Bakomktkk   Rkcord. 

An  extremely  low  barometer  was  recorded  at  the  Lick  Observa- 
tory  on  Thursday,  January  27,  1916.  The  minimum  was  recorded 
at  2:20  p.  m.,  when  the  actual  reading,  corrected  for  scale  and 
temperature,  was  24.60  inches.  This,  reduced  to  mean  sea-level 
and  corrected  altitude,  becomes  28.87  inches. 

Warren  K.  Grkkn. 
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The  Wave-i  ength  of  the  Green  Nebular  Lines  Ni  and  Nj. 

In  order  to  reduce  our  3-prism  photographs  of  the  spectra  of 
the  more  brilliant  **bright-line''  nebulae,  it  was  necessary  to  con- 
struct the  curve  of  the  relationship  between  the  wave  lengths  of 
the  lines  and  the  micrometer  readings  on  the  lines.  We  photo- 
graphed the  spark  spectrum  of  titanium  and  the  tube  spectra  of 
hydrogen  and  helium  on  the  same  plate,  for  this  purpose.  We 
found  at  once  that  there  was  an  error  in  Runge  and  Paschen's 
wave  length  of  the  strong  helium  line  in  the  green,  5015.73  A. 
Our  curves  based  upon  the  iron  and  titanium  spectra  demanded 
a  wave  length  of  about  5015.85  A  for  the  helium  line.  Upon 
examining  the  literature  of  the  helium  spectrum,  we  noted  that  the 
interferometer  determinations  of  the  position  of  the  helium  line  ir 
question,  by  Rayleigh  and  by  Eversheim.  5015.856  and  5015.857, 
respectively,  are  in  good  agreement  with  the  indications  of  our 
curves.  Inasmuch  as  Wright's  determination  of  the  wave  lengths 
of  the  two  green  nebular  lines  near  5007  A  (X,)  and  4959  A 
(  X, ) — the  determination  of  greatest  weight  yet  made — was  based 
in  part  upon  Runge  and  Paschen*s  erroneous  position  of  the  green 
helium  line,  we  decided  to  use  our  efficient  equipment  in  a  new 
determination  of  the  wave  lengths  of  N^  and  X,. 

Our  determination  is  based  upon  the  measures  of  19  spectro- 
grams: four  of  the  nebula  N.  G.  C.  6572,  five  of  N.  G.  C.  7027, 
and  10  of  the  Orion  nebula.  The  comparison  spectra  of  hydro- 
gen and  helium  were  impressed  at  frequent  and  regular  intervals 
upon  all  of  the  plates;  and  on  a  few  of  the  plates  the  spark  lines 
of  titanium  at  4981  and  4991  A  were  used  along  with  those  of 
hydrogen  and  helium  in  fixing  the  positions  of  the  nebular  lines. 

We  have  assumed  as  the  wave-length  of  the  comparison  lines 
the  following:  for  the  hydrogen  line  Hp,  W.  E.  Curtis's  value, 
4861.51  A;  for  helium,  the  mean  values  of  the  interferometer 
measures  by  Rayleigh  and  by  Eversheim,  5015.86  and  4922.11  A; 
and  for  titanium,  Kilby*s  values. 

On  all  of  our  plates  the  nebular  lines  Xj.  X.  and  Hp  are 
recorded.     It  was  assumed  that  the   normal   wave-length   of  the 
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Hfi  line  is  identical  in  the  nebular  and  comparison  spectra  and 
that  the  observed  displacements  of  the  Up  nebular  line  were  due 
to  the  relative  radial  velocities  of  the  nebulae  and  observer.  The 
measured  positions  of  the  nebular  lines  N^  and  Nj  on  each  spectro- 
gfram  were  then  corrected  for  the  radial  velocity  indicated  by  the 
Hfi  nebular  line  on  the  same  spectrogram.  Each  plate  was 
measured  by  Mr.  Campbell,  Mr.  Moore  and  Miss  Hobc.  The 
weighted  means  of  their  detenninations  from  the  nineteen  spectro- 
grams are 

N,  N, 

5007.023  ±.007  4959.080  +.009  (Rowland  system). 

In  the  following  table  we  have  collected  the  results  obtained  by 
the  modem  observers.  The  values  attributed  to  Wright  are  from 
his  recent  re-reduction  of  his  1901  observations  upoh  the  basis  of 
Rayleigh's  and  Eversheim's  wave-lengths  of  the  helium  lines. 

Wave-lengths  of  the  Nebular  Lines  N^  and  N^. 

Ni  Wt.  N,  Wt. 

Keeler S007  05     +.03         i  4959  » 7     ±04  yi 

Hartmann 7 .04  }4  9-17  /4 

Wright.                                               6.QQ3+.OI2         2  9.095^.013         2 

Campbell  &  Moure 7.0234:  006         3  9.0804-.008  3 

Mean  5007.018  4959.094  (Rowland  sys.) 

The  weights  which  we  have  assigned  to  the  results  by  ditferent 
observers  are  tliose  which  in  our  judgment  appear  to  be  a  fair 
estimate  of  their  relative  merits,  after  a  careful  consideration  of 
the  methods  of  observation,  and  of  the  number  and  (quality  of  the 
individual    measures. 

We  recommend  that  the  above  weighted  mean  values  be  rounded 
off  to 

X.  X, 

5007.02  4959.09  (Rowland  system). 

5006.84  4958.91  (International  system). 

A  detailed  accoimt  of  the  investigation  will  appear  in  Lick 
Observatory  BuUct'ni,  Xo.  17\). 

W.  W.  Campbell. 
J.   H.   MOORK. 


ASTRONOMICAL  SOCIETY  OF  THE  PACIFIC  85 


Is  THE  Crescent  Form  of  V^enus  Visible  to  the  Naked  Eye? 

Joseph  Offord  has  recently  published  in  the  Journal  of  the  Royal 
Asiatic  Society  an  interesting  paper  on  the  deity  of  the  crescent 
t'enus  in  ancient  western  Asia,  in  which  he  upholds  the  thesis 
that  the  crescent  form  of  Venus  was  well  known  to  the  early  in- 
habitants of  Mesopotamia.  He  quotes  from  cuneiform  literature 
as  follows: 

"If  on  the  right  horn  of  Venus  a  star  is  visible,  you  will  have 

good  crops  in  the  land; 
When  upon  the  right  horn  of  IVniu  a  star  is  not  visible,  the  land 

will  bear  many  misfortunes.** 

There  are  other  passages  referring  to  the  horns  of  Venus. 

1  find  it  difficult  to  believe  that  any  one  has  ever  seen  the  cres- 
cent form  of  Venus  without  telescopic  aid,  and  I  am  inclined  to 
think  the  explanation  of  the  early  references  to  the  horns  of  Venus 
rests  upon  a  lucky  guess,  as  in  the  case  of  the  two  little  satellites  of 
Mars.  Dean  Swift  described  the  latter  quite  accurately,  as  is  well 
known,  and  his  description  undoubtedly  rests  upon  a  lucky  guess. 
The  ancients  had  the  crescent  form  of  our  Moon  before  them  ever}' 
month  as  an  example.  Venus  is  the  object  next  in  brightness  to 
the  Moon,  and  of  the  many  guesses  which  were  probably  made  as 
to  the  form  of  \'enus,  the  crescent  would  probably  be  the  favorite 
and  prevailing  one. 

The  clear  air  of  Mesopotamia  has  been  suggested  as  of  great 
assistance  to  the  naked  eye  in  seeing  the  crescent  form  of  Venus. 
I  am  inclined  to  think  that  the  greater  brilliancy  of  the  planet  re- 
sulting from  abnormally  pure  atmosphere  would  be  a  hindrance  to 
the  eye,  and  that  the  chances  for  seeing  Venus  as  a  crescent  would 
be  improved  if  the  brilliancy  were  reduced  by  a  thin  absorbing 
medium  of  cloud  or  haze.  Likewise  the  extreme  steadiness  of  the 
air,  which  the  observers  in  Mesopotamia  and  elsewhere  were  un- 
doubtedly favored  with  at  times,  does  not  seem  to  me  to  be  a  vital 
factor:  the  twinkling  effect  when  one  sees  Venus  in  a  telescope 
under  merely  average  atmospheric  conditions  involves  motions  of 
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Venus  which  are  only  a  minute  fraction  of  the  angular  diameter 
of  the  planet's  image. 

Even  when  Venus  is  exactly  between  the  Earth  and  the  Sun, 
and  with  the  Earth  near  the  perihelion,  the  angular  diameter  of 
Venus  is  only  a  few  seconds  greater  than  one  minute  of  arc,  and 
at  such  times  Venus  can  not  be  seen  at  all  by  the  naked  eye.  When 
the  diameter  of  Venus  is  a  minute  of  arc,  and  even  somewhat  less 
than  a  minute  of  arc,  the  planet  is  always  close  to  the  line  joining 
the  Earth  and  the  Sun,  and  therefore  must  be  looked  for  in  a 
brilliant  glare  of  sunlight.  What,  is  the  advantage  of  a  sky  of 
Mesopotamian  purity  under  such  conditions?  When  the  planet  is 
far  enough  from  the  Sun  in  angular  distance  to  let  it  be  seen  in 
the  dark  night  sky,  the  angular  diameter  of  the  planet  is  always 
a  great  deal  less  than  one  minute  of  arc,  perhaps  always  less  than 
a  half  minute  of  arc.  I  think  that  the  experiments  with  the  human 
eye  are  conclusively  in  favor  of  the  inability  of  the  eye  to  define 
the  form  of  a  brilliant  light  source  under  those  conditions. 

For  the  reasons  quoted  above,   I   am  inclined  to  attribute   the 

ancient  description  of  Venus  as  a  crescent  to  pure  lucky  guess  and 

coincidence,  probably  made  under  the  influence  of  a  crescent  Moon. 

W.  W.  C\MPP.Kr.L. 


TiT!-:  Total  v^olak  Eclipsk  oi-  JixK  8,  l^MS. 

The  t(Hal  eclipse  of  the  Sun  due  to  occur  in  the  L'nited  States 
on  the  afternoon  of  June  8,  1918,  promises  to  be  an  interesting 
event.  The  shadow  cast  by  the  Moon,  travelin^q^  southeasterly,  is 
due  to  enter  the  coast  of  the  state  of  Washington  at  latitude 
+46^  50'  at  2^  SS""'  i\  m..  Pacific  Standard  Time.  It  will  pass  over 
Heppner  and  Baker  City,  Oregon;  Hailey  and  Montpelier.  Idaho; 
Rock  Springs.  Wyoming;  Steamboat  Springs,  Central  City,  Golden 
and  Denver.  Colorado;  Lakin  and  .Ashland,  Kansas;  Enid,  Okla- 
homa; Jackson,  Mississippi;  Orlando,  Florida;  and  end  at  sunset 
amongst  the  Bahama  Islands. 
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The  astronomical  elements  for  one  promising  observing  site, 
Baker  City,  Oregon,  are  here  given : 

Latitude +  44*  48' 

Longitude,  W.  of  Gr -j- 1 1 7*  50' 

Pac.  St,  Time 3  h.    5  m. 

Local  Mean  Time 3  h.  14  m. 

Local  True  Time 3  h.  15  m. 

Sun's  declination +22*  50' 

Sun's  altitude 45* 

Duration  of  totality i  m.  53  s. 

The  Chief  of  the  United  States  Weather  Bureau  is  preparing 
meteorological  and  other  data  of  interest  to  observers  of  the 
eclipse,  for  publication  in  the  near  future. 

There  should  be  no  special  difficulty  in  reaching  and  finding 
promising  observing  stations,  and  the  chances  for  clear  skies  in 
regions  between  the  Cascade  Mountains  and  the  Rocky  Mountains 
should  be  favorable  on  June  8th. 

W.  W.  Campbell. 
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ABSTRACTS    FROM    ASTRONOMICAL    PUBLICATIONS. 


Thk  Principal  Series  of  Sodium. 


The  principal  series  in  the  spectrum  of  sodium  consisting  of  the 
D  lines  and  the  ultra-violet  lines  at  wave-lengths  3302,  2853,  2680, 
2594,  2544  and  2512  have  been  known  for  some  time  in  emission 
spectra  obtained  in  the  laboratory.  In  1908,  Professor  R.  W. 
Wood  from  a  study  of  the  ultra-violet  absorption  spectrum  of 
sodium  was  able  to  extend  the  members  of  this  series  to  forty- 
eight,  a  greater  number  than  that  found  even  in  the  case  of 
chromospheric  or  stellar  hydrogen. 

A  very  interesting  paper  by  R.  W.  Wood  and  R.  Fortrat  under 
the  above  title  in  the  January,  1916,  number  of  the  Astrophysical 
Journal  gives  the  results  of  a  repetition  of  this  work  made  in  the 
laboratory,  of  Professor  Weiss  at  Zurich.     The  quartz  spectrograph 

employed  l)y  them  consists  of  six  60 '^  and  one  30"^  quartz  prisms 
(the  latter  backed  by  mercury),  giving  by  double  transmissi<^n  the 
ecjuivalent  of  thirteen  prisms.  This  instrument,  the  most  powerful 
c|uartz  si)ectrogra])h  in  the  world,  will  resolve,  at  A  2414,  two  line>^ 
which  differ  in  wave-length  only  .03  A  and  gives  a  linear  disper- 
sion of  1   A  to  Z.S'''''\ 

The  results  set  forth  in  the  present  paper  may  be  briefly  sum- 
marized as  follows:  (a)  Ten  new  lines  near  the  head  of  the  series 
have  Ix'en  added,  making  the  luunber  thus  far  observed  in  the 
princi])al  series  of  sodium  fifty-eight.  This  in  their  opinion  marks 
the  limit  which  is  at  ])resent  attainal)le.  (b)  Of  the  original  seven 
members,  only  the  first  three  had  previously  l^een  resolved  into 
doublets.  In  the  present  investigation  they  were  able  to  resolve 
the  other  four  members  and  to  determine  the  wave-lengths  of  the 
conqKjnents.  ( c )  The  wave-lengths  oi  all  of  the  lines  of  the 
series  have  l)een  determined  to  the  third  place  of  decimals,  and 
referred  to  the  secondary  standards  of  Fabry  and  lUiisson. 
( (1  )  The  well-known  formula  of  Ritz  f(^r  the  lines  of  the  ])rinci])al 
series  of  an  element  re])resents  with  a  surprising  degree  of  accuracy 
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all  of  the  lines  of  the  series  obtained  by  them,  (e)  They  have 
photographed  all  of  the  absorption  lines  of  the  principal  series  of 
sodium  up  to  a  point  within  1. 2 1  A  of  the  calculated  head  of  the 
5ieries. 

The  method  of  studying  by  means  of  the  absorption  spectrum 
the  higher  members  of  a  series,  not  appearing  in  emission  spectra, 
to  which  Professor  Wood  first  called  attention,  is  one  which  will 
undoubtedly  prove  of  great  value  in  further  studies  of  series  rela- 
tions in  spectra. 

J.  H.  Moore. 


XoTK  ox  Stormer's  .\l'rora  Observations. 

Professor  Stormer  of  the  University  of  Christiania  has  published 
some  extremely  interesting  and  important  results  of  his  expedition 
to  northern  Norway,  in  the  spring  of  1913,  for  the  purpose  of 
observing  the  aurorae.  He  and  an  assistant  observer  occupied  two 
stations,  respectively,  one  at  Bossekop  and  the  other  at  Store 
Korsnes,  separated  by  a  distance  of  27.5  kilometers.  The  two 
observers  were  armed  with  suitable  photographic  equipment  in 
duplicate,  and  a  telephone  line  connected  them  constantly.  The 
aurorar  were  plentiful  and  bright,  and  the  obser\'ers  were  able  to 
agree  by  telephone  upon  the  auroral  structure  to  be  photographed 
simultaneously.  By  virtue  of  their  different  positions  with  refer- 
ence to  the  aurorae,  the  backgrounds  of  stars  recorded  on  the  simul- 
taneous photographs  were  differently  placed  with  reference  to  the 
auroral  structure.  Measures  of  this  structure,  with  reference  to 
the  star  images  on  the  plates,  gave  accurate  values  of  the  parallaxes 
of  the  aurorae,  from  which  their  accurate  distances  from  the  two 
observers  and  from  the  Earth's  surface  could  be  computed. 

The  results  thus  far  published  are  for  the  nights  March  3-4,  4-5, 
and  II-I2.  I9I3.  Several  hundred  measures  of  auroral  altitudes 
are  amongst  the  results.  The  very  great  majority  of  the  aurorse 
were  from  95  to  125  kilometers  above  the  Earth's  surface.  The 
preferential  altitude  was  between  95  and  115  kilometers,  with  a 
well-defined  maximum  of  preference  at  almost  exactly  100  kilo- 
meters.   There  were  no  observed  altitudes  less  than  89  kilometers. 
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and  only  a  few  greater  than  160  kilometers,  tho  some  extended  up 
to  220  kilometers. 

The  forms  and  positions  of  some  of  the  "curtains"  of  auroral 
structure  were  well  determined. 

Professor  Stormer  is  making  a  thoro  study  of  the  phenomenon 
of  the  aurorae  on  the  basis  of  his  observations.  He  provisionally 
assigns  the  origin  of  aurorae  to  positively  charged  electric  particles 
expelled  from  the  Sun  and  driven  into  the  Earth's  higher  atmos- 
phere, but  he  thinks  it  best  to  wait  until  all  of  the  observations  have 
been  studied  before  stating  his  theory  of  the  aurorae  more  definitely. 

W.  W.  Campbell. 


Ptolemy's  Catalog  of  Stars. 

The  Carnegie  Institution  of  Washington  has  published,  with  the 
above  title,  a  revision  of  the  Almagest  of  Ptolemy;  or  rather  that 
part  of  the  Almagest  which  contains  the  catalog  of  1028  stars,  the 

earliest  known  list  of  the  measured  positions  of  the  brighter  stars. 
The  revision  was  done  mainly  by  Dr.  C.  H.  F.  Peters,  as  a  labor 
of  love,  but  was  not  com|)letecl  by  him  at  the  time  of  his  death  in 
1890.  Meantime,  Mr.  E.  B.  Knobel,  formerly  president  of  the 
Royal  Astronomical  Society,  had  undertaken  a  revision  of  the 
manuscripts  existing  in  the  famous  storehouses  of  literary  an- 
tiquities at  the  l)ritish  Museum,  and  at  Oxford:  and  when  he 
discovered  that  Dr.  Peters  had  l)een  searching  the  libraries  of  the 
European  capitals  for  the  purpose  of  collating  the  various  manu- 
scripts that  were  in  existence,  he  suggested  a  combination  of  their 
labors,  which  seems  to  have  been  carried  out  in  a  most  harmoni- 
ous spirit.  After  the  death  of  Dr.  Peters,  Mr.  Knobel  took  charge 
of  all  the  notes,  and  encouraged  by  Prof.  Simon  Newcomb  and 
various  other  astronomers,  and  by  public-spirited  citizens  of  this 
country,  the  work  was  put  in  the  form  of  the  publication  issued 
by  the  Carnegie  Institution. 

The  places  of  IHolcmy's  Catalog  are  given  in  celestial  latitude 
and  longitude,  and  the  brightness  of  the  stars  was  recorded  on  a 
scale  which  differs  but  slightly  from  the  modern  photometric  scale 
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\  of  mafmitntle^.     No  original  manuscript  is  in  existence,  as  far  as 
,   known,   but   some   Iwenty-six  copies   have   been   consulted   in   the 

endeavor  to  produce  a  correct  list,  Tin:  latitudes  and  longitudes 
'  were  K>v«n.  nominally,  for  the  epoch  A.  D.  138,  but  the  computa- 
I  tkm  of  the  etTccts  of  precession  shows  that  the  positions  are  more 

nearly  exaci   for  an  cptKh  about  eighty  years  earlier:  and   they 
.  then  correspond   with   the  |K>silions  of  the   stars  at   the   time   of  i 
I   Hipparchus,  130  U,  C  corrected  unifomily  by  a  change  of  2'  A/QT  I 

in  longitude,  for  the  effect  of  precession.    In  fact  it  has  always  been  \ 
,   a  maner  of  doubt  whether  Ptolemy  made  any  actual  ohservatioiu 

of  the  places  of  the  stars,  since  it  seems  most  Ukcly  that  he  simply 

reproduced    the    earlier    list    of    Hipparchus,    with    the    corrected 

lon^tudcs. 

The  earliest  copies  thai  were  made  were  in  the  Greek,  and  dale 
(roni  the  ninth  century.    Other  copies,  in  Arabic,  are  in  existence, 
which  appeared  to  have  Wen  derived  from  original  sources.     The 
Latin  manuscripts,  thus  far  known,  are  probably  copies  of  cither 
CDC  of  the  above.     In  tlie  copying,  performed  often  evi<lently  by 
scribes  not  welt  informed  in  the  subject,  many  errors  were  intro- 
dttcrd.  due  to  their  ignorance;  and   besides  this  ditTicully.  many 
errors  can   be   traced   to   the  confusion   of   the   symbols  denoting  | 
fractions,  and  evefi  whole  nunil>crs.     The  measures  were  recorded  J 
in  fractions  of  a  degree,  and  il  is  needless  to  remark  how  coarse  I 
such  measures  would  appear  in  comparison  with  those  made  by  1 
telescopes  an<l   mo<lcrn   instruments  of  precision,   where  we   deal  I 
with  fractions  of  a  second  of  arc.     For  the  puqMJse  of  recording 
clianges  in  the  sky.  the  appearance  of  new  stars,  or  iIk  di5a|>|)ear- 
ance  of  old.  the  possible  movements  of  the  surs.  and  the  Irans-  I 
formatiDn   of  their  relative   positions   due   to  the   precession,   the  I 
ancient  catalog  fulfilled  a  purpose.     It  is  certainly  a  pleasure  to  f 
aUronofiiers  to  see  the  careful  and  extensive   work  done  on  Uw   | 
iTvision  thus  fully  rccogniicd  by  publication. 

Dr.  Peters  came  to  the  old  Dudley  Observatory  at  .\lbany,  under  ' 
Dr.   U.  A.  Gould,  and  later  was  for  thirty  years  Director  of  the  j 
obaervatof)'  at  Hamilton  College.  Clinton.  N.   V,     His  discoveries 
of  uleroidt  made  him  famous,  in  (he  days  when  the  labor  of  com- 
paring (hcsc  faint  objects  with  the  sky  direct  was  vastly  greater 
than  that  involved  now  in  the  comparison  of  photographs  of  the 
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sky.  His  charts  of  faint  stars,  made  in  this  search,  are  still  in 
use.  And  his  comet  discoveries  gave  him  also  some  fleeting 
renown.  He  was  a  man  of  simple  manners,  a  bachelor  all  his 
days,  genial  to  his  associates  but  modestly  averse  to  outside  inter- 
course, and  his  culture  outside  of  scientific  lines  was  also  notable. 
He  is  credited  with  the  knowledge  of  Greek,  Latin,  Hebrew, 
Arabic,  Persian  and  Turkish,  besides  the  acquaintance  with  many 
European  languages  that  was  a  part  of  the  education  of  men  of 
the  old  school. 

R.  H.  Tucker. 


''^COMKT-SEEKING    AND    CoMET-SEEKERS. 


ft 


In  an  article  with  this  title,  published  in  the  Journal  of  the 
British  Astronomical  Association  for  December,  1915,  Mr.  W.  F. 
Denning  gives  three  tables  which  form  an  excellent  summarj'  of 
cometary  discoveries  and  discoverers  of  modern  times. 

The  first  table  shows  "the  lea(hn^"  finders  of  comets  during  the 
last  150  years,"  and  includes  the  names  of  all  who  have  found  hv^ 
or  more  comets,  ccnmting,  however,  ''only  those  for  wdiich  orbits 
were  computed,  and  in  reference  to  which  absolute  priority  could 
be  claimed."  The  table  contains  eighteen  names.  J.  L.  Pons 
(1802-1827)  leads  with  28  discoveries,  but  is  closely  followed  by 
W.  R.  lirooks  (1883-1911)  with  23  and  K.  E.  Barnard  (1881- 
IvnS)  with  22.  Two  other  American  astronomers  are  conspicuous 
on  the  list,  Lewis  Swift  (  18r)2-189<))  with  12  comets,  and  C.  I). 
Perrine   (  1803-1800)    with    13  comets. 

The  second  table  shows  the  monthly  discoveries  for  the  past  123 
years  (1782-P.n4),  doubtful  objects  again  excluded.  July  and 
August  ap])ear  to  be  the  most  favorable  months  for  such  dis- 
coveries, and  it  is  iiUeresting  to  note  that  the  latter  half  of  the  year 
is  more  fruitful  than  the  early  half,  the  numbers  being,  respectivel} . 
242  and  171. 

The  third  table  shows  the  annual  rate  of  discoveries,  grouped  m 
twentv-vear   intervals   from    1782  to    VK)\,   and   a   thirteen-vear   in- 
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tcrval  (1901-1914).  The  annual  average  has  risen  from  1.25  in 
the  first  interval  to  5.00  in  the  last.  The  record  year  was  1898 
with  ten  discoveries,  and  1876  and  1872  were  the  only  barren  years. 
Mr.  Denning  comments  on  the  work  necessary  to  find  a  comet, 
on  its  fascination  and  on  its  promise  of  success.  His  arguments 
are  addressed  mainly  to  English  amateurs,  but  have  equal  jxjint 
for  amateurs  in  America. 

R.  G.   AlTKEN. 


On  the  Calcll.\tion  of  Series  in  Sfectr.v.     Bv  H.  G.  Saviix.e 

AND  Prof.  J.  VV.  Xichol.s<)n.     Phil.  Mac.  30.  363,  1913. 

Note  on  the  Calcilation  of  Series  in  Spectra. 

Bv  W.  M.  Hicks.  F.  R.  S.,  Iiud,  30,  734.  1913. 

These  papers  have  to  do  with  numerical  tests  to  be  applied  to  the 
wave  numbers  of  lines  suspected  of  being  members  of  a  spectral 
scries.  To  sort  out  from  an  apparently  heterogeneous  group  of 
lines  a  number  which  will  satisfv  relations  consistent  with  formulae 
believed  to  be  general  in  their  application  to  spectral  series  is, 
in  general,  a  difficult  task,  in  the  absence,  at  any  rate,  of  dis- 
tinguishing physical  characteristics  which  may  be  i>eculiar  to  mem- 
bers of  such  a  series.  The  methods  described  bv  the  authors  of 
these  articles  will  undoubtedly  prove  of  great  assistance  to  any 
one  attempting  to  establish  series  relations  in  laboratory  or  celestial 
spectra. 

W.  H.  Wright. 


94  PUBLICATIONS  OF  THE 


GENERAL  NOTES 


James  Oliver  Mulvey. — James  Oliver  Mulvey  was  bom  in  Madi- 
son, Indiana,  November  5,  1868.  He  graduated  from  the  Wichita 
High  School  and  was  one  of  the  earlier  students  of  the  Lewis 
Academy  of  that  city. 

From  early  boyhood  he  showed  a  strong  aptitude  for  mechanics 
and  chemistry,  a  bent  which  he  followed  thru  life.  After  spending 
his  youth  in  his  own  shop  at  home  and  then  in  other  active  estab- 
lishments where  his  naturally  inventive  genius  was  shan>ened,  he 
became  connected  with  the  mechanical  department  of  the  Armour 
Institute  in  Chicago.  Here  he  acquired,  largely  by  association,  a 
considerable  knowledge  of  physics,  particularly  optics.  He  be- 
came associated  with  Albert  B.  Porter  in  the  Scientific  Shop  which 
had  attained  a  substantial  footing  when  Porter's  untimely  death 
put  an  end  to  the  undertaking.  Mulvey  had  charge  of  the  practical 
side  of  the  business,  and  it  was  there  I  first  met  him  when  on  my 
way  to  Argentina  in  190.).  Porter  spoke  in  the  highest  terms  of 
his  ability  and  we  discnssed  to  some  extent  plans  for  a  great 
reflector  for  the  Cordoba  Observatory  in  regard  to  which  I  was 
then  seeking  information.  Some  months  after  reaching  Cordoba 
1  received  a  letter  from  Mulvey,  telling  nie  of  Porter's  sudden 
death  and  offering  his  services  in  connection  with  our  pro])osed 
undertaking  here.  Needless  to  say  it  was  an  unusual  opportunity 
for  us,  and  as  soon  as  plans  could  be  completed  (requiring  about 
a  year)  Mulvey  purchased  the  equipment  of  machines  and  supplies 
for  a  high-class  mechanical  shop  of  medium  size  and  brought  them 
to  Cordoba  in  the  latter  part  of  1910.  He  installed  our  shops  and 
at  once  l)egan  the  work  of  im])roving  the  efficiency  of  our 
instruments. 

The  first  i)iecc  of  work  was  typical  of  our  difficulties  and  of  the 
great  need  for  well-equipped  shops.  .\  new  measuring-engine  for 
measuring  the  astrogra])hic  plates  had  been  ordered  and  arrived 
from  Euroi)e  at  the  same  time  as  the  shop  equipment.  In  fact,  all 
came  to  the  observatory  on  the  same  day.  lq)on  opening  the  l)Ox 
containing  the  measuring-engine  it  was  found  that  the  inside  case 
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had  been  inverted  in  the  outer,  that  the  repacking  at  the  custom- 
house had  been  careless,  and  in  consequence  a  machine  which  was 
marked  and  planned  to  be  carried  right-side  up  always,  as  the 
carriage  was  not  protected  against  inversion,  was  in  nearly  its 
original  number  of  pieces,  with  handfuls  of  screws  either  sheared 
off  or  loose  in  the  case.  At  first  sight  it  looked  almost  hopeless. 
But  after  hurriedly  setting  up  a  lathe  and  drill  press,  Mulvey  in 
a  week's  time  had  the  measuring-engine  ready  for  use,  the  im- 
portant slides  having  escaped  serious  damage — how  is  still  a 
mystery. 

The  list  of  things  accomplished  by  Mulvey  is  too  long  to  give 
in  any  detail.  It  must  suffice  to  mention  only  the  most  important. 
Improved  holding  system  for  the  objective  of  the  astrographic 
telescope  to  eliminate  distortion ;  improvements  in  bearings  and  in 
the  driving  system;  remounting  of  both  12-inch  equatorial  and 
astrographic  telescopes  in  new  domes ;  regrinding  pivots  of  old 
meridian-circle  which  had  become  much  worn ;  pneumatic  holder 
for  curving  films  for  curved-plate  camera ;  and  a  good  equipment 
of  eclipse  apparatus.  In  1912,  preparations  were  commenced  for 
the  work  of  making  the  optical  parts  of  the  great  reflector.  These 
included  the  construction  of  an  underground  optical  shop  and  test- 
ing tunnel,  three  grinding  and  polishing  machines,  and  the  many 
incidental  appliances  for  testing,  etc.  All  of  this  work  was 
directly  under  his  charge. 

A  ruling-engine  was  also  constructed  and  a  Michelsoi)  interfero- 
meter for  testing  its  screw  and  end-thrust. 

At  the  time  of  his  death  he  had  concluded  the  grinding  of  the 
JO-inch  and  was  figuring  it  to  a  spherical  surface  for  the  testing 
of  the  36-inch  flat.  This  latter  was  ground  and  polished  and  the 
first  tests  by  means  of  a  smaller  plane  had  been  made.  The  rough 
grinding  of  the  61 -inch  disk  was  in  progress. 

He  designed  and  constructed  the  chief  apparatus  for  the  observa^ 
tion  of  total  solar  eclipses  and  took  part  in  two  expeditions  from 
this  observatory — the  one  to  Brazil  in  October,  1912,  and  to  Russia 
in  1914,  showing  great  ability  for  such  work. 

Perhaps  one  of  his  most  important  contributions  was  a  very 
efikient  system  of  escapement  which  he  first  used  in  the  driving- 
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clocks  for  the  eclipse  instruments.  This  escapement  is  such  that 
it  can  be  used  in  any  position,  the  rate  can  be  altered  without 
stopping  the  clock  and  all  parts  are  compact  and  almost  completely 
protected  against  dust  or  rain.  It  is  simple,  sturdy,  stands  rough 
handling  well  and  appears  to  be  as  accurate  and  dependable  as 
any  system  I  have  seen.  The  same  system  has  been  adapted  to 
our  astrographic  telescope,  where  it  has  been  found  to  be  a  great 
improvement  for  the  arduous  work  of  the  chart. 

His  mind  was  ever  active  in  seeking  greater  efficiency ;  he  had 
the  true  scientific  concentration,  knowing  no  such  thing  as  holidays 
or  definite  hours  of  labor.  His  inventive  faculties  were  bold  and 
independent,  and  he  had  many  good  ideas  covering  a  wide  range 
of  necessities  which  lack  of  time  alone  prevented  attacking.  He 
possessed  good  business  ability,  but  his  interest  in  scientific  work 
was  above  everything  else. 

After  his  return  from  Russia  he  had  a  severe  attack  of  gastric 
fever  and  required  hospital  attendance  for  about  two  months.  He 
had  recovered  from  that  and  also  from  ptomaine  poisoning  en- 
countered on  a  trip  into  the  hills  to  recuperate,  and  on  the  eve 

of  leaving  the  hosj)ilal  the  second  time,  March  31st  last,  was 
stricken   with   aj)oplexy,  riyinj^  almost   instantly. 

His  services  and  his  example  have  heen  of  the  greatest  value  to 
the  observatory.  The  quantity  and  quality  of  the  work  in  more 
than  one  branch  are  better  owing  to  his  efforts.  His  work  in 
connection  with  the  great  reflector  has  been  of  great  importance 
and  the  excellence  of  the  results  which  are  confidently  expected 
from  its  use  will  be  due  in  considerable  measure  to  his  efforts.  It 
is,  therefore,  unfortunate  that  he  could  not  have  lived  to  reap  the 
credit  for  his  lal)or,  which  was  the  kind  which  makes  for  solid 
imi)rovement   without  Ix'ing  s[)ectacular. 


C.  D.  Pkrkink. 


ObSKRV.MOKIO    X.\(inNAl-    A  KCKN  Tl  NO. 

Cordoba,    Decern  her    15,    1915. 


Mcn'oiicut  for  the  .Ibolition   of  the  PaJircnhcit    Jhernionieter. — 
There  have  been   many  attem])ts  during  the   past  quarter  century 
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to  do  away  with  the  rather  cumbrous  system  of  weights  and 
measures  used  in  England  and  the  United  States,  and  to  substitute 
the  decimal  system  with  its  manifest  advantages.  The  use  of  the 
metric  system  is  now  all  but  universal  in  the  world  of  science,  but, 
while  its  theoretical  superiority  is  willingly  admitted  by  the  world 
of  commerce  and  manufactures,  it  seems  evident  that  the  actual 
change  from  the  foot  to  the  meter  as  a  unit  is  still  a  long  way 
in  the  future  in  most  English-speaking  countries,  largely  because 
of  the  enormous  capital  at  present  tied  up  in  machines,  tools,  taps, 
dies/ jigs,  templates,  and  gauges  based  upon  the  English  inch. 

The  same  objections  apply  with  much  less  force  to  the  proposi- 
tion to  do  away  with  the  Fahrenheit  thermometric  scale,  and  the 
bill  at  present  before  the  House  of  Representatives,  introduced  by 
Hon.  .\lbert  Johnston,  is  almost  unanimously  regarded  by  scientists 
as  a  step  in  the  right  direction.  The  provisions  of  the  bill  are  as 
follows : — 

1.  That  the  centigrade  scale  of  temperature  measurement  shall  be  the 
standard  in  United  States  Government  publications,  the  use  of  the  Fahrenheit 
^ale  being  discontinued  at  the  option  of  heads  of  departments  or  other  in- 
dependent branches  of  the  government,  either  immediately  upon  the  signing 
of  this  bill,  or  at  any  time  before  January  1,  1920,  except  as  provided  in 
Section  3. 

2.  During  the  period  of  transition  the  Fahrenheit  equivalent  of  centigrade 
degrees  may  be  added  in  parentheses  or  as  a  footnote  or  in  any  other  way, 
if  in  the  opinion  of  heads  of  departments  or  independent  officers  it  seems 
necessary. 

3.  The  use  of  the  Fahrenheit  scale  shall  be  permitted  after  January  1,  1920, 
in  cases  where  it  is  required  by  State  or  municipal  law,  or  in  certificates  of 
tests  of  instruments  graduated  in  the  Fahrenheit  scale. 

It  is  to  be  hoped  that  the  bill  may  become  a  law. 


Dr.  F.  Henroteau,  of  the  Brussels  Observatory,  has  been  ap- 
|x>inted  Visiting  Assistant  .\stronomer  in  the  Observatory  of  the 
University  of  Michigan,  on  a  salary  provided  by  Mr.  R.  P.  Lamont 
of  Chicago.  Since  the  outbreak  of  the  European  war  Dr.  Hen- 
roteau has  been  at  the  Stonyhurst  College  Observator\-,  at  Black- 
bum,  England.  He  is  expected  in  Ann  Arbor  soon.  (Pop. 
Astronomy,  March,  1916.) 
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Total  Solar  Eclipse  of  February  j,  IQ16. — An  expedition  to 
observe  this  eclipse  was  sent  to  Tucacas,  Venezuela,  by  the  Argen- 
tine National  Observatory  at  Cordoba.  The  expedition  was  in 
charge  of  astronomer  Chaudet  and  was  equipped  with  two  cameras 
for  photographing  the  corona,  two  prismatic  cameras  for  the  flash 
spectrum  and  coronal  spectrum,  a  small  slit  spectrograph  and  a 
photometer. 

A  cablegram  received  by  the  Harvard  College  Observatory  on 
February  9th  announces  that  the  Argentine  expedition  observed 
the  total  solar  eclipse  thru  thin  clouds.  (Pop,  Astronomy,  March, 
1916). 


The  Gold  Medal  of  the  Royal  Astronomical  Society  has  been 
awarded  to  Dr.  J.  L.  E.  Dreyer  for  his  contributions  to  astro- 
nomical history  and  his  catalogs  of  nebulae. 


The  Hcbert  Prize  of  the  Paris  Academy  of  Sciences  has  been 
awarded  to  Professor  M.  I.  Pupin,  of  Cohnnbia  I'niversity,  for 
his  theoretical   and  experimental   researches   in   electricity. 


Sir  F.  W.  Dyson.  ICni^lish  Astronomer  Royal,  has  been  elected 
a  corresponding"  member  of  the  Petrograd  Imperial  Academy  of 
Sciences. 


Dr.  Mary  M.  Hopkins  has  been  a])pointed  associate  professor  of 


astronomy  at  Smith   College 


Among"  the  awards  granted  l)y  the  Paris  Academy  of  Sciences 
in  the  first  distribution  of  the  I.outrenil  Foundation  are  the  follow- 
ing: To  M.  Gonessiat,  director  of  the  Algiers  Observatory.  vS.OOO 
francs   for  the  construction   of   an   apparatus  designed   to  measure 
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the  intensity  of  Hertzian  waves  and  for  a  vertical  seismograph; 
and  to  Caniille  Flaniniarion,  3,(XX)  francs,  for  his  private  observa- 
iory  at  Juvisy. 


The  Paris  Academy  has  made  a  grant  of  4,(XX)  francs  from  the 
Ikinaparte  Fund  to  C.  Le  Morvan,  assistant  astronomer  at  the 
I'aris  Observatory,  for  the  publication  of  a  systematic  and  photo- 
graphic map  of  the  Moon. 


(^f  the  prize  awards  made  by  the  Paris  Academy  in  1915,  those 
in  astronomy  are  as  follows: — 

The  Lalande  Prize  was  awarded  to  Lucien  D'Azambuja,  for  his 
important  contribution  to  the  daily  measurement  of  the  upper  layer 
of  the  solar  atmosphere  and  to  the  recognition  of  the  action  exer- 
cised by  the  magnetic  field  on  band  spectra;  the  \'alz  Prize  was 
awarded  to  Armand  Lambert,  for  his  work  as  an  observer  and 
in  applied  mathematics;  the  de  Pontecoulant  Prize  was  given  to 
Louis  Fabry,  for  his  researches  on  tlic  asteriods;  no  award  of  the 
Pierre  Guzman  Prize  was  made.     (Xaturc,  Januarj'  13,  1916.) 


A  Terrestrial  Crater  of  the  Lunar  Type, — Altho  the  original 
memoir  by  Barringer  on  this  subject  was  read  before  the  United 
States  National  Academy  some  six  years  ago,  many  of  our  readers 
to  whom  the  original  publication  may  not  be  accessible  will  find 
the  brief  account  of  this  formation  given  in  Sature  for  January  27, 
1916.  very  interesting  reading.  Coon  Butte,  the  crater  in  question, 
is  located  in  northern  Arizona  about  two  and  a  half  miles  from 
Canon  Diablo,  famous  for  its  innumerable  scattered  meteorites, 
and  is  a  depression  about  four  thousand  feet  in  diameter,  with  a 
rim  that  rises  nearly  six  hundred  feet  above  the  floor.  A  photo- 
graph of  the  crater  and  a  cross-section  diagram  are  given  in  thfe 
article,  together  with  a  resume  of  the  investigations  which  have 
been  made  to  explain  its  origin.  For  Coon  Butte  is  unique  in 
that  it  forms  perhaps  the  sole  example  on  the  surface  of  the  Earth 
of  a  crater  of  the  true  lunar  type,  and  is  accordingly  of  great  in- 
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terest  in  connection  with  the  various  theories  that  have  been  ad- 
vanced as  to  the  origin  of  the  lunar  craters,  whether  by  volcanic 
action  or  by  impact  of  enormous  meteors.  All  the  available  evi- 
dence seems  to  indicate  that  Coon  Butte  is  the  result  of  impact, 
as  there  is  absolutely  no  evidence  of  volcanic  activity.  The  only 
difficulty  in  accepting  the  theory  of  impact  in  the  case  of  Coon 
Butte  is  the  question  as  to  what  has  become  of  the  vast  mass  of 
meteoric  matter  which  caused  the  crater.  Only  scattered  frag- 
ments of  nickel-iron  have  been  detected  at  the  depths  reached  by 
the  borings,  and  the  existence  of  a  vast  mass  of  meteoric  iron  at 
greater  depths  finds  no  confirmation  in  the  magnetic  observations 
carried  on  in  and  around  the  butte. 

It  is  evident  that  the  striking  characters  of  this  singular  "crater" 
are  of  no  less  interest  to  astronomers — so  suggestive  are  the 
characters  in  which  it  agrees  with  the  vast  lunar  craters — than  to 
geologists,  who  up  to  the  present  have  been  chiefly  attracted  by  the 
phenomenon. 
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Minutes  of  the  Meeting  of  the  Board  of  Directors  of  the 

Astronomical  Society  of  the  Pacific,  held  on 

March  25,  1916,  at  6:00  p.  m.,  in  the  Rooms 

OF  THE  Faculty  Club,  Berkeley,  California. 

There  were  present  President  S.  D.  Townley  and  Directors  Leuschncr, 
Cushing,  Cornish  and  Richardson.  Dr.  Aitken,  Chairman  of  the  Publication 
Committee,  and  Mr.  F.  E.  Brasch,  of  the  Library  Committee,  were  also 
present. 

The  names  of  Mr.  A.  O.  Tait,  of  Mountain  View,  Cahfornia,  and  Colonel 
Thomas  L.  Casey,  of  Washington,  D.  C,  were  presented  for  membership 
and  both  were  duly  elected.  The  Case  School  of  Applied  Science,  of  Cleve- 
land. Ohio,  was  also  made  an  institutional  member. 

The  Secretary  read  a  communication  from  Mr.  Albert  L.  Barrows,  Secre- 
tary of  the  Pacific  Division  of  the  American  Association  for  the  Advance- 
ment of  Science,  calling  attention  to  the  fact  that  San  Diego  had  been  decided 
upon  for  the  first  meeting  of  the  Pacific  Division — time  August  9  to  12, 
1916, — and  asking  that  the  Astronomical  Society  of  the  Pacific,  as  one  of  the 
constituent  members  of  the  Division,  arrange  to  hold  a  meeting  in  San  Diego 
at  the  same  time. 

.\fter  S4>me  discussion  as  to  the  practicability  of  holding  a  meeting  at  so 
distant  a  point,  a  motion  was  made  by  Director  Leuschncr  to  the  effect  that 
«»ijch  a  meeting  be  held  by  the  Astronomical  Society  at  the  time  and  place 
noted,  and  that  the  President  be  authorized  to  appoint  a  Program  Committee 
to  act  in  concert  with  the  Executive  Committee  of  the  Pacific  Division  of 
the  A.  S.  A.  of  S.  The  motion  was  seconded  by  Director  Cushing  and  carried, 
and  the  President  announced  that  he  would  appoint  the  Committee  later. 

Dr.  .Aitken,  chairman  of  the  committee  appointed  at  the  meeting  of  Janu- 
ary' 29,  1916.  to  make  certain  recommendations  concerning  the  advisability  of 
reducing  the  dues  of  the  Society,  stated  that  he  had  associated  Director  Camp- 
l>ell.  of  the  Lick  Observatory,  with  himself  upon  the  committee  and  that  con- 
siderable study  had  been  given  to  the  matter.  In  view  of  the  fact,  however, 
that  further  investigation  was  necessary  l)efore  specific  recommendations 
cuuld  be  made,  he  asked  that  more  time  be  given  his  committee  for  final 
report.     Same  was  granted. 

.A  vcrlial  report  was  received  from  the  members  of  the  Library  Committee 
present,  respecting  the  plan  recently  suggested  of  depositing  the  books  of  the 
Society  in  some  one  of  the  public  libraries  of  San  Francisco,  where  they 
would  be  more  accessible  to  interested  readers.  The  proposition  was  not 
received  with  much  favor  by  the  Board,  and  the  Committee  was  instructed  to 
investigate  further  and  report  at  the  next  meeting  of  the  Board. 


102  PUBLICATIONS   OF  THE 

The  Secretary  reported  the  receipt  from  Paris  of  the  Bruce  Gold  Medal 
recently  awarded  to  Dr.  George  E.  Hale  of  the  Solar  Observatory,  and  stated 
that  same  had  been  fowardcd  to  Dr.  Hale  and  his  acknowledgment  obtained. 

Dr.  Aitken,  of  the  Publication  Committee,  reported  that  he  had  concluded 
arrangements  with  the  Sunset  Publishing  House,  of  San  Francisco,  to  print 
future  issues  of  the  Society  Publications. 
Adjourned. 

D.  S.  Richardson, 

Secretary. 


Minutes  of  the  Meeting  of  the  Astronomical  Society  of  the 

Pacific,  held  in  the  Students  Observatory,  Berkeley, 

California,  on  Saturday,  March  25,  1916, 

AT  8:00  p.  M. 

By  courtesy  of  the  authorities  of  the  University  of  California,  this  meeting 
was  held  in  the  Students  Observatory  and  the  entire  scientific  program  was 
furnished  by  Dr.  A.  O.  Leuschner  and  his  talented  staff. 

The  following  papers  were  read  before  a  most  appreciative  audience: — 
"Comet  a  1916"  (Nenjmin),  by  Miss  Jessica  M.  Young;  "The  Riefler  Clock," 

by   Professor   R.  T.   Crawford;   "On  the   Universnlit>'  of  the   Law   of  ('jra\ita- 
tion,"  by  Professor   A.   O.   Leuschner. 

At   the   close  of  the   addroses    President   Townley   expressed   the   thanks   i>\ 
the  Society-. 
Adjourned. 

I).    S.    RlCHAKD^OX. 

LA'rh:R. 

The     following     I'roLirain     Committee     has     l)een     appointed     1)\-     IVesidtiii 
lOwidey    to    arrange    for    thi-    San    Dieyo    meeting-    in    August    next,    in    con- 
junction   witli    thf    Pacific    l)i\isi(>n    of    tlie    American    Societ\-    for    the     \.\ 
vancement    of    Science-  : — 

Dr.   R.   (].   Aitken. 
Dr.   A.   ( ).   Leuschner. 
Dr.    V.    I  I.   Scares. 
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Made  !)v  T(»RVALi)  Kohl,  at  Odder.  Denmark. 


Ian. 

10 

Feb. 

3 

Feb. 

8 

Mar. 

22 

23 

31 

Apr. 

4 

11 

AiiR. 

22 

31 

Sept. 

2 

5 

7 

9 

V.XRIABLE    St.\KS. 
(  The  instrument  used  is  a  3-inch  Steinheil.  power  42. ) 

S  Urscr  Majoris,^ 
S  2  steps  >  f 

id. 

=  g- 
id. 

1  step  >  I'. 

3  steps  <  e. 

id. 

=  f. 

id. 

1  step  >  g. 

=  & 
id. 

id. 


Sept. 

11 
12 

:     id. 

14 

:     id. 

18. 

id. 

28 

invisible 

Oct. 

3: 

id. 

7 

26 

:     <g. 
:     —  g- 

Nov. 

11: 

J  in  the  middle  be 
/tween  e  and  {' 

23 
2':^ 

3  steps  <  e. 
:     id. 

Dec. 

4 
9. 

2  steps  <  e. 
1  step  <  e. 

Jan:    10: 
Feb.     3 : 


T  Vrs(C  Majoris.' 


T  5  steps  >  a. 

i  in  the  middle  be 
1 1 ween  a  and  b. 


Mar.  22 
23 
31 


=  f. 

id: 

3  steps  <  g. 


>  Vide  the  sketch  in  the  Pubiicaiicnt  A.  S.  P..  No.  73.  IS.  56. 
*  Vide  the  tkctch  in  tlie  PmbiUtiiamt  A.  S.  P.,  No.  22,  A,  6i. 
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Feb. 
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4  steps  <  g. 

18 
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:     Yi  step  >  a. 

Aug. 

22: 
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Oct. 

3: 
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31: 
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:     —  a. 
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2 

:     id. 

26 

:     -b. 

5: 

2  steps  >  a. 
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14: 

c. 
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id. 

23 
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id. 

25 

:     id. 
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id.     ' 
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2  steps  <  g. 
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2  steps  >  e. 
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25: 
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1-2  steps  >  e. 

SS  C 
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Aug-. 

31. 

<^)'^ :    2  steps  <  c. 

Xov. 

14. 

10^:         ir. 

Sei)t. 
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^)":    id. 

Dec. 

• 
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Sept. 

-^ 

«      « 
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rail  is. ^ 
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11 
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Apr. 

11 
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14 

-  h. 

steps  >  c. 
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->  • 

«     ■ 
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S  Pl 
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invisible. 
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■      S  -  e.                         ! 
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e. 

Sept. 

14 

/tween  d  and  e. 

Aup. 
Sept. 
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)>e. 
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e. 

'  \'i.lo  the  Nkctch  in  tin-  rnhlmitions  .1.  S.  P..  No.  141.  '24,  109. 
'  \'i(le  thf  sketch  in  the  /'uhlinitions  A.  S.  /^.  No.  135.  23.  42. 
-  Vide  the  sketch  in  the  Fiihlicatious  A.  S.  P..  No.  135,  ::3,  A?>. 
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V'ar.  25,  1913,  Urscc  Majoris. 

(  B.  D.  -h  60*  1412  (9".5)  =  f  in  the  sketch  on  T  Ursa-  Majoris) 

1  step  >  g. 

1  step  <  g. 
yi  step  >  g. 
1  step  <  g. 
1  step  >  g. 
id. 

>g. 

1  step  >  g. 

1  step  <  g. 


Jan. 

10: 

f  2  steps  <  g. 

Sept. 

12: 

Feb. 

3 

:     =R- 

14: 

Mar. 

22 

:     2  steps  >  g. 

18: 

23 

:     >R 

28: 

31 

:     a  little  >  g. 

Oct. 

3: 

.\pr. 

4 

:     1  step  >  g. 

7: 

11 

:     id. 

26: 

Aug. 

31 

:     1  step  <  g. 

Xov. 

14: 

Sept. 

2 

:     id. 

23: 

5 

:     y2  step  >  g. 

25: 

7 

:     =R- 

Dec. 

9: 

11 

:     id. 

Several  other  stars  have  been  watched,  such  as  Y  Tauri, 
which  in  this  year  have  been  noted  >  .\  =  B.  D.  +  20°  1095, 
esi^cially  in  March  and  April. 

Larc;e  Meteor.s. 

Fireballs  have  been  observed  from  stations  in  Denmark  and 
surrounding  countries  on  the  following  dates:  January  10th, 
17th  (five  observations),  23rd.  February  8th,  26th  (two 
observations),  27th.  March  22nd,  25th,  28th.  -\pril  16th, 
May  *>th,  11th.  13th  (seventeen  observations).  24th  (six 
obser\-ations),  June  11th  (two  observations).  21st,  23rd.  25th 
(two  observations),  30th.  July  2nd.  August  11th,  Septem- 
ber 7th,  *>th,  16th  (two  ob.servations ) .  19th  (seven  observa- 
tions!. October  8th  (three  observations),  November  16th 
(two  observations),  December  12th.  16th.  20th,  30th. 

Shootixc.-st.vrs. 

Shooting-stars  were  observed  at  five  stations  in  Denmark, 
one  in  Schleswig  and  one  in  Sweden  from  August  9th  to  12th, 
furthermore  at  two  stations  in  Denmark  in  the  morning- 
hours  on  November  15th  and  16th.  M  these  stations  279 
paths  of  shooting-stars  were  mapped,  and  10  proved  suit- 
able for  calculation.  These  10  meteors  have  given  the  follow- 
ing results: — 
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FROM  OBSERVATION. 

No.  Time,  P.  M.  Station.  Beginning.         Ending.  Mag.      Observer. 

,,    ,^.  .r.    (Tyderup  285^+46*'   2    M.  Povlsen. 

1  Aug.    11,  lOh  30«  I  Copenhagen  233  +25     2    s.  Kierulff. 

.      *  ,,     ,^     ..     (Ulderup  296°  +  ir  3     A.  Bartitam. 

2  Aug.   11,10    42    I  Copenhagen  239 -J- 9  3    s.  Kierulff. 

,^   .^      ,     (Varde  25+48      11+47.5  2    N.  Bossen. 

3  Aug.    12,10      1     iBarsebak  190+55.5  204+35  2    w.  Norlind. 

,^    .^     .^     jVarde  19+40         8+42  5     N.  Bossen. 

4  Aug.    12,  10    40    I  Ariose  190  +62  200.5  +36  2    k,  Kaestel. 

r     A         io    iA    >io    iuiderup  49+30.5  3    A.  Bartram . 

5  Aug.    12,  10    42    \  Barsebak  222  +24  w.  Norlind. 

,     ,         ^     (Odder  339  +  0    357^6  1     j.  Skakke. 

6  Aug.    12,11      18     iTyderup  310+10     331+4  1     M.  Povlsen. 

^     ,         ,^    , .     ^^     ( Varde  57  +47     3    N.  Bosse.v. 

7  Aug.    12,11     27     iTyderup  148+72     1     M.  Povlsen. 

^      ^  ,^    ,.,        ^      (Varde  26+13  4     N.  Bossen. 

8  Aug.    12,12       4     jTyderup  330+30  1-2  M.  Povlsen. 

^    ,,        ,^    ,,     ..     (Husby  182+33    201+44  2    Rasmussen. 

9  Nov.    15,  16    32    \  Tyderup  30  +62        0  +55.5  2    M.  Povlsen. 

.^     __  .^     .,      ._     J  Husby  212  +29  2     Rasmussen. 

10     Nov.    15,  16     42     (  Tyderup  316  +64  2    M.  Povlsen. 

FROM  CALCULATION. 

XT  Tj     •      •  r   J-  Rc*^  length 

No.  Beginning.  Ending.  of  the  path.        Radiant. 

h  X  0  ii  \  </>  /^  ARLXcl. 

1  55.1)     1     14' 4     55^   35'./ 

2  .^S  5  2'   52'.8     54"  39'.2 

3  134.4     1     32.4     56    43.0   1(17.^^     2     16  .S     56     IIJ  80.7  53-^-44'^ 

4  96.7     2      4.6     56      4.3     670     2     5S  .8     55    4S  .6  70.4  .^3  --35 

5  37.4     0    53.5     55    47.3 

6  75.6     1       3.2     54     59.0     37.(^     0    44.2     55     15.7  53.5         257  -^16 

7  120.9     1     28 .7     S6     59.4 

8  84.6     0     54.5     55     19.3    . 

9  111.7     2     17.6     50     19.0     97.0  2     34.1     56    44.5  53.6         136  -^14 
10                                                       37.7     1     25. 7     56    35.8 

''  and  /^  arc  ix])rc>scd  in  kilouK-tcrs  ;  X  is  west  loniijitiidc  from  Coi)cn- 

liagc-n  ;   <l>   is   nortli    latitude;    ''   i>  tlu-   altitude   of  the   meteor  aboxe   the 

Iiarth's   surface. 


Tile  Cariiia-AIctcor  catalog  has  now  reached  the  number  of 
()2()()  meteors,  ol)serve(l  from  stations  in  Denmark  and  snr- 
ronnding  coimtries  from  1873  to  VMS  inclusive. 

From  Atigtist  2nd  to  7th,  inclusive,  astronomical  lectures 
were  held  at  the  Carina  ( )bservatory  in  Odder. 

In  the  estimation  of  variable  stars  I  have  been  assisted  bv 
Mr.  1.  Skakke,  who,  also  by  the  aid  of  a  78"""  Darlot  lens,  has 
photographed  several  regions  of  the  heavens. 
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THE   RELATION   OF  THE   SYSTEM  OF   STARS  TO 

THE  SPIRAL  NEBUL;E. 


By  G.  F.  Paddock. 


Endeavors  have  recently  been  made  to  present  a  compara- 
tive list*  of  average  radial  or  line-of-sight  velocities  of  the 
several  different  kinds  of  objects  in  the  sky,  and  to  discuss  the 
relation  of  the  spiral  nebulae  to  the  other  objects.  The  list  is 
arranged  in  the  order:  diffused  nebulosities,  stars  from  early 
to  late  type,  nebulae  of  regular  forms,  and  spiral  objects.  The 
average  radial  velocities  of  all  except  the  spirals  range  in 
increasing  magnitude  from  zero  to  fifty  kilometers  per  second. 
Hut  a  considerable  jump  is  noticed  from  the  fifty  kilometers 
to  400  kilometers  for  the  average  of  the  spirals. 

This  suggests  the  question :  -\re  the  s|)irals  dissociated  from 
the  star  system?  Bearing  on  this  problem  is  the  matter  of 
the  derivation  from  observed  velocities  of  a  value  for  the 
motion  thru  space  of  our  Sun.  for  which  the  star  system  gives 
a  velocity  of  20  kilometers  per  second  and  an  apex  in  the 
vicinity  of  270^  Right  Ascension  and  -|-30°  Declination.  The 
(juestion  has  accordingly  led  to  a  discussion  of  the  velocities 
<»f  spirals,  first  by  Truman-  and  then  by  Young  and  Harper*, 
fttr  the  purpose  of  finding  a  possible  space  motion  of  our 
system  of  stars,  including  the  Sun.  relative  to  a  |X3ssiblc  system 
of  spirals  of  which  our  stellar  system  may  be  a  unit  and  the 
spirals  each  perhaps  a  system  of  stars. 

There  are  available  for  investigation  in  the  case  of  the 
spiral  nebulae  the  radial  velocities  of  15  spirals  observed  re- 
cently by  Slipher.  who  brings  out  the  following  points:* 

1.  The  spirals  show,  in  confimiation  of  earlier  observations, 
dark  line  spectra,  souk  of  them  almost  pure  G  and  K  classes, 
which  differentiates  them  from  the  gaseous  nebulae  and  the 
<lensc  star  clusters. 

2.  The  average  velocity  is  positive  between  300  and  400 
kilometers. 


•  Pot.  Astr.,  14.  109.  Feb..  1916. 
»  Pot.  Aatr.,  14.  111.  Feb..  1916. 

•  Jonr.  R.  A.  S.  Can.,  !•.  134.  March.  1916. 

•  Pop,  Astr,.  IS,  36.  Jan..  1915. 
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Appkoximatk   Positions  ok  thk  Ohskuvkd   Spiral    Xhiul.i;  ok    ihk 

MA(iF:LL  \NU"    CLori>S.     AMI    OK    THK     DkKIX  KD    ApKX. 
(Crosses  indicate  positions  in  tlic  fiont  licniisi)horc-  an<I  circles  tliose  in  the  re.'ii 

lieniisphere. ) 

3.  Nine  observed  spirals  north  of  the  Galaxy  all  have  posi- 
tive velocities  averaf^ing  400  kilometers,  and  six  observed 
sonth  of  it  have  three  ])ositive  and  three  negative,  averaging 
less  than  200  kilometers  |)()sitive. 

4.  Four  of  the  spirals  which  are  of  spindle  shape,  suggest- 
ing edgewise  view,  have  the  higher  velocities,  suggesting  the 
idea  of  princii)ally  edgewise  motion    for  spirals. 

5.  The  25-fold  difference  in  the  average  velocities  of  stars 
and  of  sj)irals  does  not  readily  admit  the  inclusion  of  the 
spirals  in  the  idea  of  an  evolutional  increase  of  velocity  with 
advance  of  s])ectral  tyi)e  which  is  ccMistrued  from  the  sequence 
of  star  velocities. 


ASTRONOMICAL  SOCIETY  OF  THE  PACIFIC. 


Ill 


To  Slipher*s  data  have  been  added  by  Young  and  Harper 
the  velocities  observed  by  Wiison*  for  the  gaseous  planetary 
nebulae  found  in  the  Magellanic  Clouds  whose  high  values 
probably   indicate  non-association   with  our  system  of  stars. 


Table  op  VELocrnES  or  Sp»al  Nebulae  akd  op  Gaseous  Nebulae  m 

THE  Magellanic  Clouds 


Object 

R. 

A. 

Dccl. 

Observed 

Values 

USED  BY 

by  Sliph- 
er  km. 

Truman 

Young  and 

per  sec. 

km.  per  sec. 

Harper 

N.  G.  C. 

h 

m     " 

1 

km  per  sec. 

7331 1 

22 

32 

+33 

54 

+  300=fc 

-h  300 

H-  300 

' 

221 

0 

37 

-1-40 

19 

-  300 

-  300 

-  300 

224 

South  of 

0 

37 

-1-40 

43 

-  300 

-  300 

I-I-200 

-  330* 

+  87 

598 

[    GaUxy 

I 

38 

-1-30 

9 

■  •       •   •   ■ 

-  278^ 

» 

1023 

2 

34 

+38 

38 

+   200d: 

-h  200 

-|-  200 

1068 

2 

38 

—  0 

26 

-j-IIOO 

-hiiooj 

-h  93'« 

4 

303 « 

9 

47 

+69 

32 

+  small 

H-  lool 

0 

3"5 

10 

0 

-   7 

14 

+  400=fc 

H-  400 

-h  400 

3627 

II 

IS 

-I- 13 

32 

+  5<» 

H-  500 

-h  500 

4565 

12 

3« 

+  26 

32 

+  1000 

-hiooo 

+  1000 

4594 

North  of 

13 

35 

—  II 

3 

4-IIOO 

-j-iioo 

+440 

-hiooo 

-h4io 

4736 

GaUxy 

13 

46 

+41 

40 

+   200d: 

-i-  200 

4-  200 

4826 

13 

51 

+  23 

13 

4-  small 

4-  100 

0 

S«94 

13 

25 

+47 

42 

rb  small 

0 

0 

5866J 

"5 

4 

+56 

9 

+  600 

-f  600, 

-f  600, 

Avcn 

ure 

-1-  340+ 

-h  360 

4-  280 

■©^ 

•        ^^^^^ 

1          m\^s0 

WUson 

1644  L.  Mag.  a. 

I 

6 

-73 

44 

-h  158 

\ 

17141 

+30O 

+  2$I« 

1743IG.  Mig.  a. 

5 

30 

-68 

47 

-1-254 1 +275 

' 

2070 

-1-276 

2111J 

-h268j 

t 

•  Proc.  Nmi.  Acad.  Set.,  t,  183,  March,  1915. 

*  For  tbe  Andromeda  NebuU  Peatc  and  Adama  found  —329km:  Pmbl.  A.  S.  P„ 
ST.   134,  June,   1915;  and  Wrifht  found  —304  km:  idem. 

f  F.  G.  Peaae,  Publ.  A,  S.  P.,  9t,  239.  Dec..  1915:  Thrre  bright  lines  5007 A, 
U^.  H^,  from  the  brightett  condcnaatton  in  the  nebula  about  10'  n  ^  the  nucletta. 
fire  the  radial  Telocity  — 278km;  idem  28.  34.  Feb..  1916:  the  spectrum  of  the 
nucleus  la  about  F«  Claat  and  giTea  a  radial  Telocity  of  the  order  of  — 70km. 

•Mean  of  Slipber*a  -f  1100km  and  Peases  +  765km,  Pmbi.  A.  S.  P.,  ST.  133. 
June.  1915.  An  obserration  at  Mount  Hamilton  gives  +  910  km:  J.  H.  Moore, 
PaW.  A.  S.  P.,  %t,  192,  1915. 

*Thta  value,  -f  251km.,  nted  by  Young  and  Harper,  is  the  simple  mean  of  the 
five  velocitiea  given. 
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The  data  as  given  by  SHpher  and  the  values  adopted  by  Truman 
and  by  Young  and  Harper  are  presented  in  the  accompanying 
table.  Similar  values  have  been  found  for  the  velocities  of 
the  Andromeda  nebula  and  its  companion,  N.  G.  C.  224  and 
221  respectively,  and  they  have  been  taken  as  a  single  value. 
Truman  has  assumed  -|-10^"  for  the  ''small  positive"  values 
given  by  Slipher,  while  Young  and  Harper  have  used  zero. 
The  latter  have  the  advantage  of  one  extra  value  and  revised 
values  in  two  or  three  cases.  Their  average  velocity,  algebraic, 
is  accordingly  less.  It  is  of  course  likely  that  this  average 
will  diminish  with  increasing  numbers  of  observed  velocities. 
The  component  of  solar  motion  has  not,  so  far  as  is  known, 
been  applied  to  the  above  velocities ;  but  being  not  greater  than 
20km  £qj.  ^j^y  case,  and  hence  very  small  in  comparison  with 
the  magnitude  of  these  velocities,  it  will  have  small  eflFect  on 
results.  It  is  to  be  noted  that  the  velocities  of  three  of  the 
nebulae  in  the  list  have  been  substantially  confirmed. 

The  results  of  solution^"  of  the  above  data  for  a  space 
motion  and  direction  of  the  system  of  stars  relative  to  the 
spirals  (and  the  Magellanic  Clouds  in  one  case)  as  a  group,  are 
as  follows,  iici^ative  velocity  nieanin|L^  motion  toward  tlie  apex  : 


Tninian       —670*^'"  20'"^R..\.,— 20    1  )ocI.         14  spirals, 

V.'  1  f  15  spirals  and  the 

1  oniiK  .'ind  ',  \.        ,, 

nan)cT         — 59SK"^  :t2.U  20"  24'>\  —12    10'  ]  ,'V'  ^V''^' 

'  [  Clouds. 


Voiini;'  and  iiarper  remark  that  it  the  size  of  a  ])rol)al)le 
error  relative  to  the  mag^nitude  of  a  result  indicates  inverselv 
the  relial)ility  ^^^  the  result,  the  chances  are  favorable  that  the 
ahove  derived  velocity  has  a  sii^niticance.  Xevertheless,  their 
derived  ])rohal)le  error,  d:  2v^4''"',  and  lho>e  here  i^iven  helow  , 
are  very  lart^e. 

hi  order  to  discuss  the>e  results,  certain  |)oints  with  rej^ard 
to  tlie  data  must  l)e  considered,  (^n  the  accompanying  diaj^ram 
of  the  celestial  sphere  are  located  the  Celestial  Ecjuator  and 
North  F'ole,  the  Tole  of  the  Galaxy  and  the  Galactic  Circle, 
the  a|)ex  of  the  Sim's  motion  with  respect  to  the  stellar  svs- 

'"   Campbell,  Strlhtr  Motions.  pnK^'  1"'^.  t."tc. 
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tcm,  and  the  newly  derived  apex  of  the  supposed  motion  of 
the  system  of  stars  with  respect  to  the  observed  spirals.  Be- 
sides these  elements,  the  positions  of  the  observed  spirals  and 
of  the  Magellanic  Clouds  are  approximately  indicated  by 
crosses  if  on  the  front  hemisphere  and  by  circles  if  on  the 
rear  hemisphere.  The  circles  around  the  points  indicating  the 
Galactic  Pole  and  the  Apices  signify  that  these  points  lie  on 
the  rear  hemisphere.  Perspective  causes  the  Magellanic 
CKhhIs  to  appear  nearer  the  celestial  South  Pole  than  they 
actually  are  in  the  skv. 

The  spirals  observed  are  thus  seen  to  l)e  divided  into  two 
alnuist  (>pi)ositeIy  placed  groups,  each  contained  in  less  than 
an  (KTtant  of  the  sphere.  Six  south  of  the  Galaxy  are  found  in 
the  region  of  zero  hours  of  right  ascension,  within  four 
hour<  of  right  ascension  and  forty  degrees  u(  declination 
of  one  another,  while  nine  north  of  the  Galaxy  are  in  the  re- 
gion of  twelve  hours  of  right  ascension  and  within  five  hours 
of  right  ascension  and  eighty  degrees  of  declination  of  each 
other.  The  well-known  distribution  of  the  spirals  toward  the 
Galactic  Poles  is  of  course  only  partially  evident  here,  the 
south  {K)lar  regions  not  being  observable.  These  two  groups 
of  spirals  and  the  Magellanic  Clouds  are  distinctly  separated 
with  resjxfct  to  angular  distance  on  the  celestial  sphere  and 
seem  to  form  a  well-arranged  system  of  three  points  with 
rcsjx'ct  to  which  to  detemiine  the  motion  of  the  observer  and 
the  stellar  system.  These  objects,  however,  can  hardly  be 
consi<lere<l  to  form  a  unitary  system  of  associated  objects,  for 
it  must  Ik*  noticed  that  the  average  velocity  of  each  of  the 
three  groups  of  objects  is  decisively  positive,  which  means 
that  they  are  receding  not  only  from  the  observer  or  star  sys- 
tem but  from  one  another.  .Accordingly  a  solution  for  the 
motion  of  the  observer  thni  space  should  doubtless  contain  a 
constant  temi  to  represent  the  expanding  or  systematic  com- 
|)onent  whether  there  be  actual  expansion  or  a  tenn  in  the 
spectroscopic  line  displacements  not  due  to  velocities.  This 
brings  up  the  question  whether  these  large  displacements  are 
to  be  interpreted  as  due  entirely  to  velocities.  Certainly  in 
one  case  it  is  doubtful,  for  on  Lick  Observatory  plates  of 
N.  G.  C.  1068  the  bright  lines  are  broad  and  fuzzy,  indicative 


114 


PUBLICATIONS  OF  THE 


of  bands,  perhaps  something  like  Wolf-Rayet  bright  bands. 
The  required  constant  term  would  correspond  to  the  term 
K  which  has  been  introduced  into  solutions  for  solar  motion. 
Altho  in  the  latter  instance,  it  has  turned  out  to  be  only  a  few 
kilometers  in  amount,  it  seems  likely  to  be  of  considerable 
magnitude  in  the  case  of  the  present  list  of  objects,  and  it  is 
probable  that  its  inclusion  in  the  solution  for  space  motion  of 
the  observer  would  affect  the  derived  velocity.  Assuming  an 
apex,  it  is  easy  to  test  the  matter  by  the  solution  of  the 
equation 

l\  cos  D  -f  /C  =  F 

in  which  K  is  the  constant  term,  V  the  observed  velocity,  V^ 
the  Sun's  space  motion  away,  if  positive,  from  the  apex,  and 
D  the  apical  distance  determined  by  the  equation 

cos  D  =  cos  3«  cos  8  cos  (a«  —  o)  -|-  sin  8,  sin  8 

where  ao  and  8,,  ^^"^  the  right  ascension  and  declination  of  the 
assumed  apex. 

The  results  of  such  a  test  arc  as  follows : 


Al'KX. 

For  Vouiiu:  and  Harper's 

Apcx.26»i24'".  — 12"  10' 
I  don.  omitting  K  for  nehul.L' 

in  tlic  Mnj^.  CI. 
For  the  Solar  Apex, 

270\   -f   MY 

For  an  apex  at  the  Galactic 

Pole.  19r,  4   27' 


II 


K 

To 

r 

^  248^'"  ±  8<S 

295km  -H  202 

±  285km 

4-  255^^'"  ±  92 

267km  ±  199 

■+-  282km 

4-  ^^H^^^^  ±  78 

162km  -4-  175 

±  291km 

4-  295»<'"  ±  86 

4-     81km  ±  110 

±  284km 

The  velocities  as  u^cd  by  \ Oung"  and  }Iarix?r  have  been 
used  liere,  except  that  in  the  second  case  the  value  for  the  one 
nebula  in  the  Lesser  Magellanic  Cloud  and  the  mean  of  the 
four  in  the  Cireater  Magellanic  Cloud  have  been  used  sepa- 
rately and  without  A',  that  is.  the  coefficient  of  K  has  been 
taken  as  zero  in  their  res])ective  equations  of  condition,  for 
the  reason  that  these  objects  are  gaseous  planetary  nebulie 
observed  with  higher  dis])ersion  than  was  used  for  the  spirals, 
and  that  the  plates  show  narrow  bright  lines  whose  displace- 


"  The  component  of  /'„—  — 267kni  in  the  direction  of  the  South  Galactic  Pole 
is  -f  J52krTi.  The  value  -fi^lkm  in  the  last  case  probably  has  no  significance,  but 
the  pcrsisti-nce  of  a   large  value   for   A',   wherever  the  apex,   is  to  be  noted. 
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nients  arc  quite  certainly  to  be  ascribed  to  velocity.  The  result- 
ing values  of  K  and  Vq  are  not,  however,  very  different  from 
those  in  the  first  case. 

Least  square  solutions  of  the  15  or  16  equations  of  condi- 
tion were  made  for  each  group  of  results.  The  probable  error 
of  a  single  observation  is  given  in  the  last  column  (r)  and 
is  seen  to  be  very  large  and  of  the  same  order  of  magnitude 
as  the  derived  values  for  K  and  F©.  The  probable  error  of 
l\  is  nearly  as  large  as  F©  ^"^  throws  great  uncertainty  on 
the  magnitude  of  the  space  motion  derivable  from  the  present 
data.  Again,  the  probable  error  of  K  is  one-third  the  size 
of  K  and  may  or  may  not  indicate  a  degree  of  significance 
for  K.  It  may  be  concluded,  however,  that  values  of  similar 
magnitude  for  both  K  and  /  '^  exist  with  a  similar  degree  of 
certainty  in  the  present  limited  amount  of  data.  The  presence 
of  so  large  a  value  for  the  apparent  systematic  quantity  K 
may  probably  be  accounted  for  otherwise  than  as  mentioned 
above.  It  has  already  been  remarked  that  the  algebraic 
average  of  the  velocities  of  spirals  will  probably  diminish  with 
increasing  numbers  of  observed  velocities.  Probably,  like- 
wise, the  value  of  the  apparent  systematic  term  will  diminish, 
so  that  it  may  therefore  be  concluded  that  its  appearance  here 
is  the  result  of  insufficient  data.  It  is  to  be  noticed,  in  par- 
ticular, that  no  velocities  of  spirals  are  at  hand  for  the  regions 
of  the  derived  apex  or  antapex,  which  circumstance  tends  to 
introduce  indeterminateness  into  a  solution  for  motion  of  the 
observer  with  reference  to  the  group  of  objects  observed. 

May.  1916. 
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PLANETARY  PHENOMENA  FOR  JULY  AND 

AUGUST,  1916 


By  Malcolm   McNeill. 


PHASES   OF   THE    MOON,   PACIFIC  TIME. 


First  Quarter.JuIySth,  3^55™  A.M.  First  Quarter.  Aug.  6th,  1*»   6™  p.m. 

Full  Moon...  "    14th, 8  40    p.m.  Full    Moon...  "    13th, 4     0    a.m. 

Last  Quarter..  "   21st, 3   33    p.m.  Last    Quarter.   "   20th, 4   53     a.m. 

New  Moon...   "   29th, 6    15     p.m.  New   Moon...   "   28th, 9   25    a.m. 


The  third  eclipse  of  the  year,  a  Partial  Eclipse  of  the  Moon, 
will  occur  on  the  evening  of  July  14th,  and  will  be  visible 
generally  thruout  the  LInited  States.  The  maximum  obscura- 
tion of  the  Moon  will  be  four-fifths  of  its  diameter,  so  this 
eclipse  will  be  much  more  notable  than  that  which  occurred 
in  January.     The  circumstances  of  the  eclipse  are  as  follows: 

.Moon  enters  penumbra  July  14th,  6*^   IS"'  p.  m. 

Moon  enters   shadow  7    19  v.  M. 

Middle  \^\   eclipse  S    46  P.  M. 

MofHi   lea\es   shadow  10    12  p.  m. 

Moon   lea\es  i)enuiu!)ra  11     14  i*.  M. 

The  fourth  ecli|)>e  of  the  year  is  an  .hnnilar  Eclipse  oj  the 
Sun.  It  will  not  he  visihle  even  as  a  ])artial  eclipse  except  in 
the  rei^ions  of  the  Indian  and  South  Pacific  oceans.  The  line 
of  central  eclipse  runs  thru  Australia  and  Tasmania. 

( )n  the  nii;ht  of  July  23-24lh  the  Moon  will  again  ]kiss  tjver 
the  Pleiades  i^rouj)  and  a  numher  oi  the  hrighter  stars  w  ill  he 
occulted.  As  the  Moon  is  in  her  last  (juarter  the  immersi(^)ns 
will  occur  at  the  hright  limh. 

The  Earth  reaches  its  maxinnnn  distance  from  the  Sim  on 
the  night  of  July  2nd. 

Mereuvy  is  a  morning  star  at  the  heginning"  of  juh,  rising 
a  little  more  than  an  hour  hefore  simrise,  havings  reached 
greatest  w^est  elongation  at  the  end  of  Jime.  By  the  middle 
of  the  month  the  interval  is  less  than  one  hour  and  the  planet 
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is  too  near  the  Sun  for  naked  eye  view.  It  passes  superior 
conjunction  and  becomes  an  evening  star  on  the  morning  of 
July  28th.  By  the  end  of  August  it  will  have  nearly  reached 
greatest  east  elongation.  The  elongation  will  be  rather  a 
large  one,  but  the  planet  is  so  far  south  of  the  Sun,  about  11°, 
that  it  remains  aI)ove  the  horizon  less  than  an  hour  after 
sunset,  too  near  for  a  naked  eye  view.  Mercury  is  in  conjunc- 
tion with  rcitus  on  July  13th  and  with  Saturn  on  July  21st, 
but  the  planets  are  all  too  near  the  Sun  for  easy  view. 

I'cnus  passes  inferior  conjunction  with  the  Sun  on  July  3rd 
aiul  becomes  a  morning  star.  Its  great  brightness  will  allow 
it  to  be  seen  a  few  days  later  in  the  early  morning  twilight. 
The  two  bodies  separate  quite  rapidly  and  shortly  after  the 
middle  of  the  month  I'cnus  will  rise  an  hour  before  sunrise. 
It  will  then  be  an  easy  object.  By  the  end  of  .August  it  will 
rise  more  than  three  hours  before  sunrise.  By  the  end  of 
August  the  planet  will  have  nearly  reached  greatest  west 
elongation.  Half  way  between  conjunction  and  greatest 
elongation  I'cnus,  on  .August  9th,  will  again  be  at  its  greatest 
brilliancy,  being  visible  to  the  naked  eye  for  some  weeks  in 
full  daylight.  Its  motion  among  the  stars  is  about  10°  west- 
ward up  to  July  25th.  It  then  begins  to  move  eastward  along 
a  line  south  of  the  line  of  its  westward  motion,  and  bv  the 
end  of  .August  will  have  moved  21^  eastward  to  a  point  about 
14^  south  of  Castor  and  Pollux. 

Mars  is  still  in  the  evening  sky,  setting  shortly  before 
11  p.  .M.  on  July  1st,  about  three  and  one-half  hours  after  sun- 
set. The  Sun  is  slowly  overtaking  it  in  their  common  east- 
ward motion  among  the  stars,  so  that  by  the  end  of  August 
it  sets  less  than  two  hours  after  the  sun.  but  it  is  still  far 
enough  away  to  be  easily  visible  in  the  evening  twilight.  Dur- 
ing the  two-months*  period  it  moves  about  34^  eastward  and 
15°  southward  from  the  eastern  part  of  Leo  to  the  corre- 
sponding part  of  /  irji^o.  Toward  the  end  of  .August  it  is  near 
the  first  magnitude  star  Spica,  a  I'tri^inis,  passing  about  2° 
north  of  the  star  on  August  27th.  Its  actual  distance  from 
the  Earth  is  continually  increasing  altho  at  a  smaller  rate, 
and  there  is  consequently  a  diminution  in  brightness  of  about 


118  PUBLICATIONS  OF  THE 

one-third,  but  it  still  remains  a  little  brighter  than  the  pole 
star. 

Jupiter  rises  shortly  after  midnight  on  July  1st  and  shortly 
before  9  p.  m.  at  the  end  of  August.  It  is  in  the  western  part 
of  the  constellation  Aries  and  moves  about  4°  eastward  and 
1°  northward  up  to  August  25th,  and  then  begins  to  move 
slowly  westward.  This  retrograde  motion  will  continue  about 
four  months,  until  near  the  end  of  December,  and  will  amount 
in  all  to  about  10°. 

Saturn  is  an  evening  star  on  July  1st,  but  too  close  to  the 
Sun  for  naked  eye  view.  The  Sun  rapidly  overtakes  it  in 
their  common  eastward  motion,  and  conjunction  is  passed  on 
July  12th.  The  two  bodies  separate  rapidly  and  by  the  end 
of  the  month  the  planet  rises  an  hour  and  twenty  minutes 
before  sunrise.  For  the  last  week  of  July  it  can  be  seen  in 
the  morning  twilight  if  the  weather  conditions  are  good.  The 
distance  between  Sun  and  planet  continues  to  increase  so  that 
at  the  end  of  August  the  planet  rises  at  about  2  a.  m.  It  is 
in  the  constellation  Gemini  and  moves  about  8*^  eastward  dur- 
ing the  two  months  on  a  line  about  10°  south  of  Castor  and 
Pollux.  Saturfi  will  be  occulted  by  the  Moon  on  the  ni^ht  of 
August  24-25th.  The  occultalion  will  be  visible  in  ^^eneral 
thruout  the  United  States  at  3''  to  4''  a.  m.  in  the  eastern  part 
of  the  country,  and  earlier  by  local  time  in  the  west. 

L'ranus  will  rise  shortly  before  10  v.  M.  on  July  1st  and 
long  before  sunset  on  August  31st;  so  it  is  getting  into  fair 
position  for  obseryation.  It  passes  opposition  on  August  10th. 
It  remains  in  the  constellation  Capricorn  and  moyes  about  2 
westward  during  the  month.  Xo  bright  stars  are  yery  near, 
but  at  the  end  of  .\ugust  it  is  about  6^  west  of  the  third  mag- 
nitude 8  Capricoriii,  4  west  of  the  4th  magnitude  y  Capricorni, 
and  about  1     north  of  the  small  fourth  magnitude  i  Capricorjri. 

Xrptujic  reaches  conjunction  with  the  Sun  on  July  25th, 
and  thruout  the  two  months  is  too  near  the  Sun  for  observa- 
tion even  with  a  telescope. 
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Note  on  the  Relative  Velocities  Observed  Within  Some 

OF  THE  Planetary  Nebul.k. 

Since  our  announcement  of  the  discovery  of  spectroscopic 
evidence  of  the  rotation  of  the  planetary  nebula  N.  G.  C.  7009 
( R.  A.  =  20**  58").  we  have  extended  the  observations  to  a 
number  of  well-known  planetaries.  We  have  obtained  spectro- 
grams, with  high  dispersion  for  this  line  of  investigation,  of 
the  following  objects : 


N. 
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418 

=  5h  22».9 

=  —12° 

46' 
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G.  C. 
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7    23   .3 
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17  58  .6 
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18   7  .2 
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G.  C 

7009 

20  58  .7 

11 

46 
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G.  C. 

7027 

21   3  .3 

+41 
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Our  spectrograms  of  N.  G.  C.  418  and  N.  G.  C,  3568  show 
no  inclination  of  the  nebular  lines,  while  those  of  all  the  other 
objects  give  marked  evidence  of  relative  motion  within  them. 
With  the  exception  of  X.  G.  C.  2392  the  results  for  the  rela- 
tive motions  within  each  nebula  appear  to  be  capable  of  in- 
terpretation on  the  hyjxithesis  that  the  nebula  is  rotating, 
altho  there  are  indications,  at  least  for  the  outer  portions  of 
some  of  these  objects  that  the  phenomenon  may  be  more  com- 
plicated than  that  due  to  simple  rotation. 

Two  spectrograms  of  N.  G.  C.  2392  obtained  with  the  slit 
passing  centrally  across  the  nebular  image  in  position  angles 
respectively  5°  and  95°  show  lines  of  a  remarkable  form.  The 
shape  of  the  lines  *s  similar  in  the  two  spectrograms,  and 
their  central  and  brighter  section,  corresponding  to  the  central 
portion  of  the  nebula,  some  11  or  12  seconds  of  arc  in  diam- 
eter, is   roughly  that  of  a  drawn   bow  concave  toward   the 
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violet.  Measures  of  these  lines  indicate  a  relative  velocity  of 
some  80  km./sec.  for  points  at  the  ends  with  reference  to  the 
middle  point  of  the  bow.  We  do  not  undertake  now  to  in- 
terpret the  remarkable  line  form  observed,  but  shall  hope  to 
do  so  later. 

W.  W.  Campbell. 

J.  H.  MooRE. 

May,  1916. 


On  the  Rotation  of  the  Planetary  Nebula  N.  G.  C.  6572. 

We  have  recently  secured  a  number  of  observations  of  the 
well-known  planetary  nebula  Struve  6,  or  X.  G.  C.  6572,  with 
spectrographs  of  high  dispersion,  in  order  to  test  it  for  pos- 
sible evidence  of  rotation.  This  nebula,  one  of  the  brightest 
of  its  class,  is  oval  in  form  with  a  bright  nucleus  near  the 
center.  The  brighter  portions,  as  recorded  on  photographs  of 
short  exposure  with  the  Crossley  reflector,  have  diameters  of 
9  and  14  seconds  of  arc  alon^^  tlic  minor  and  major  axes,  re- 
sj)ccti\ely,  while  <.)n  lon^'  exjxjsure  ijlioloi^raplis  these  diame- 
ters are  ahont  13  and  lO  seeonds  of  are.  The  major  axis  is 
in  j)osition  ani^^le  0  ,  or  north  and  ^onth. 

Ueixinnin^'-  with  Xovemher  30,  V)\?,  we  have  seeure<l  a 
series  of  speetroi^rams  with  two  three-prism  s])eetrogra])hs 
havini,''  eameras  of  foeal  leni^ths.  respectively,  1^)  and  32 
inehes.  These  sj)eetroi^M-ams,  taken  with  the  slit  of  the  speetro- 
i4ra])h  in  ])(>sition  ani^les  0  .  45  \  133.  and  \S0° ,  g"ive  nel)nlar 
lines  whose  form  is  a|)proximately  that  of  a  very  shallow 
letter  S. 

(  )nr  |)reliminary  results  indicate  that  the  central  portion  of 
the  nehnla  X.  i).  C  i)?72,  some  3  seconds  of  arc  in  diameter. 
is  rotatini^  ahout  an  axis  in  position  angle  ap])roximatelv  ^^O"^. 
The  relative  velocity  of  the  points  at  the  extremities  of  this 
diameter  is  oi  the  order  of  3  or  ()  kilometers  per  second.  The 
direction  of  rotation  oi  the  central  ])ortion  is  in  the  sense  that 
a  ])oint  on  the  major  axis  north  of  the  center  is  receding", 
while  a  ])oint  south  of  the  center  is  approaching  us.  The 
inclination    oi    the   outer   ends   of   the   lines   corres{)on(ling    to 


ASTRONOMICAL  SOCIETY  OF  THE  PACIFIC.  121 

portions  of  the  nebula  2  to  5  seconds  of  arc  from  the  nucleus 
are  such  as  to  indicate  a  rapid  decrease  in  the  speed  of  rota- 
tion as  we  go  out  from  the  central  mass.  This  phenomenon, 
to  which  we  have  previously  referred  in  the  case  of  N.  G.  C. 
700^  we  interpret  to  mean  that  the  outer  strata  of  the  nebula 
lag  behind. 

.\  spectrogram  taken  with  the  slit  in  position  angle  90° 
(east  and  west),  that  is,  along  the  minor  axis,  shows  no 
appreciable  inclination  or  curvature  of  the  nebular  lines.  We, 
therefore,  do  not  confirm  Hartmann's*  observation  of  a  dif- 
ference of  velocity  of  the  order  of  6  kilometers  per  second 
between  the  west  edge  and  center  of  the  nebula. 

W.  W.  Campbell. 

J.  H.  MooRK. 

Mav.  1916. 


TnK  Orbit  of  p  80. 

The  binary  system  /8  80  ( R.  A.  =  23^  13™  46-:  Decl.  = 
-f  4^  52';  Mags.  =  8.3 — 9.3)  was  discovered  by  Burnham  in 
1875  with  his  six-inch  refractor.  The  system  soon  gave 
promise  of  being  of  more  than  usual  interest  because  in  addition 
to  a  large  proper  motion  (0."48  towards  105^)  the  measures 
showed  rapid  orbital  motion. 

At  the  time  of  discovery  the  angular  separation  between  the 
components  exceeded  T'.O.  but  it  rapidly  diminished  until  it 
fell  to  a  minimum  of  0^.15  in  1904-05.  Since  then  it  has  in- 
creased, and  is  now  about  0".7.  The  angular  motion  since 
discovery  forty  years  ago  has  exceeded  300*^  and  the  star  has 
been  well  observed. 

Nevertheless  it  is  not  jxjssible  even  now  to  compute  an 
orbit  which  may  be  regarded  as  reliable,  because  it  is  quite 
uncertain  what  the  maximum  apparent  separation  of  the  two 
components  will  be.  See  published  an  orbit  (period  63.5 
years)  in  1906  which  satisfied  the  observations  to  that  date, 
but  in  the  past  ten  years  the  observed  and  computed  paths 
have  diverged,  and  the  residual  in  angle  (O-C)  now  ex- 
ceeds 2P. 


*Ap,j0nrn„  1ft.  287»  1902. 
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I  have  recently  made  a  new  investigation  of  the  data  and 
have  found  that  orbits  with  periods  of  95  years  and  of  156 
years  will  satisfy  the  observed  position  angles  with  equal 
accuracy.  The  shorter  period,  however,  gives  a  rather  better 
representation  of  the  observed  distances.  It  is  also  in  favor 
of  the  shorter  period  that  Struve  failed  to  detect  the  pair.  For 
1831,  the  shorter  period  orbit  gives  a  computed  angular 
separation  of  only  0''.8,  while  the  larger  orbit  gives  V\75, 
Measures  for  another  ten  or  twenty  years  are  needed  before  a 
really  satisfactory  orbit  can  be  computed.  The  two  sets  of 
elements  which  I  have  derived  are  as  foltows : 


ELEMENTS. 

I 

II 

p 

95.2  years 

156.0  years 

T 

1905.0 

1904.90 

e 

0.77 

0.84 

a 

0".72 

0".955 

I 

±22°. 95 

0°.0 

U) 

98.0 

n 

6.2 

102.3  (pos 

According  to  Kapteyii  and  Weersma,  the  absolute  parallax 

of  the  system  is  -fO".021.  Assiiining  the  correctness  of  tliis 
vahie  and  of  elements  1,  the  mass  is  4.45  times  the  Suns  mass. 
the  semi-major  axis  of  the  orbit  vH  astronomical  units,  and  the 
absolute  mai;nitudes  of  the  two  components  4.^)  and  3/' 
res])ectively.  R.  O.  Aitki:n. 

Mav.  1916 


XoTj-:  o.\  Till-:  Xi:i;iL.\  .\.  G.  C.  6610. 

In  compariui^  j)holoj^ra])hs  of  Selected  Area  Xo.  86  made 
for  the  determination  of  standard  ma.q'nitudes  it  was  noted 
that  an  ohject,  ai)ixarently  a  j)lanetary  nehula,  shown  on  a  plate 
of  an  hour's  ex])osure  on  Au.^ust  27,  1611.  does  not  a])pear 
on  anv  of  the  other  i)lates.  The  X.  (j.  C.  jc^ives  no  record  of 
any  nehula  in  the  j)»^sition  of  the  suspected  planetary.  The 
catalog  declination  of  X.  G.  C.  6610  is,  liowever,  the  same  as 
that  of  the  ohject,  hut  the  recorded  right  ascension  is  11" 
greater.     On  the  other  hand,  none  of  the  photographs  shows 
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any  nebula  in  the  catalog  position  of  N.  G.  C.  6610  as  bright 
as  the  17th  or  18th  photographic  magnitude.  Either  the 
X.  G.  C.  position  is  in  error  or  the  nebula  is  variable.  A  mis- 
take of  lO  in  right  ascension  would  probably  identify  N.  G.  C. 
6f)10  with  the  object  on  the  Mount  Wilson  plate,  but  in  this 
case  we  should  certainly  have  a  case  of  variability.  The  ob- 
ject photographed  here  shows  the  graded  intensity  and  the 
granular  or  mottled  stnicture  which  is  characteristic  of  many 
small  nebulx  and  fits  the  N.  G.  C.  description  of  No.  6610 
well  enough,  but  it  would  be  rash  to  say  that  it  is  not  a 
photographic  defect.     Its  position  for  1875  is 

IS'^W^Zff   +    14°57'.2 

In  the  meantime,  it  is  clear  enough  that  N.  G.  C.  6610  is  sub- 
ject to  the  uncertainty  mentioned  above. 

Frederick  H.  Seares. 


Color- Photographs  of  Nebul-E. 

Color-sensitive  plates  and  special  ray-filters  have  been  used 
on  one  or  two  occasions  to  test  the  homogeneity  of  radiation 
from  different  parts  of  a  nebula.  Keeler,  for  example,  com- 
j>ared  ordinary  photographs  of  the  Orion  nebula  with  others 
on  isochromatic  plates  exposed  behind  a  yellow  screen,  and 
was  thus  able  to  confirm  Campbell's  visual  observations  of 
variations  in  the  relative  intensity  of  the  si>ectnim  lines.  In 
1905,  Ilartmann,  with  filters  of  more  restricted  transmissi- 
bility.  showed  that  the  great  photographic  activity  noted  by 
Keeler  in  certain  regions  was  to  be  attributed  to  the  unusual 
intensity  of  the  line  \3727.  Again  a  red-sensitive  plate  and 
a  filter  transmitting  nothing  to  the  violet  of  A5700  enabled 
Mr.  Hale  to  demonstrate  the  reality  of  the  reddish  fringe 
obser\'ed  by  Barnard,  and  later  by  Keeler,  along  the  southern 
boundary-  of  the  Huyghenian  Region,  and  to  show  that  it  was 
probably  due  to  a  local  intensification  of  the  Ho  line  of 
hydrogen. 
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It  seems  not  unlikely  that  the  principle  involved  in  these 
experiments  can  be  made  the  basis  of  an  anal3rtical  method  of 
considerable  usefulness.  Photographs  thus  obtained  show 
admirably,  but  without  differentiation,  the  distribution  of 
whatever  luminosity  lies  within  the  limiting  wave-lengths  de- 
fined by  the  color  sensibility  of  the  plate  and  the  transmissi- 
bility  of  the  filter.  By  proper  adjustment  of  plate  and  filter 
the  photographs  can  be  made  nearly  monochromatic,  and  we 
approach  the  method  of  spectrum  analysis,  but  with  the  added 
advantage  of  a  record  of  the  distribution  of  luminosity.  But 
if  we  approach  monochromatic  radiation  too  closely  we  en- 
counter the  difficulty  which  so  generally  limits  observation 
with  the  spectrograph — the  exposures  become  excessively  long 
if  not  impossible.  On  the  other  hand,  a  step  in  the  opposite 
direction  means  a  sacrifice  in  the  refinement  of  analysis.  Ex- 
perience only  can  determine  the  nature  of  the  compromise 
which  must  here  be  effected. 

In  the  meantime,  preliminary  experiments  with  ordinary 
and  isochromatic  plates,  the  latter  used  with  a  yellow  filter 

transmitting  to  the  red  of  A49(X),  have  given  some  interesting 

results  which  arc  briefly  described  below.  All  of  the  photo- 
i^raphs  have  been  made  with  the  r)0-inch  reflector.  The  ex- 
posures for  the  isochromatic  j^lates  were  from  four  to  six 
times  those  tor  the  orchnary  j^hites,  this  ratio  giving  com- 
I)aral)le  imati^'es  for  the  bhiest  stars.  For  brevity  the  two  kinds 
of  ])lates  will  be  referred  to  as  *'yellow"  and  '^violet,"  respec- 
tively. 

Allho  the  yellow  filter  l)c^ins  to  transmit  at  about  A41^00, 
the  sensibility  curve  of  the  plate-and-filter  combination  is  very 
flat  in  this  reirion  and  does  not  rise  to  anv  considerable  extent 
until  a300()  has  l)een  passed.  In  consequence,  neither  of  the 
nebular  lines  X,  and  X..  is  transmitted  with  ap])reciable  in- 
tensity ;  the  yellow  phuto.q'raphs,  when  strong,  are  therefore  a 
record  of  the  luminosity  distribution  for  radiation  lying  well  to 
the  red  of  the  chief  nebular  line.  The  red  limit  of  the  com- 
binali^)n  is  A3^W.  The  sensitiveness  of  the  ordinary  plates, 
on  the  other  hand,  extends  to  A5200  or  even  A5300.  so  that 
the  violet  ])hotogra|)hs  include  tlie  effect  of  the  characteristic 
nebular  lines. 
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Planetary  Srbula  X.  G.  C.  iSvj  and  3142.  Both  objects 
irufiutn  star-like  nuclei  surrounded  by  nelnilosily.  but  with 
mairkcd  differences  in  stnicture,  A  factor  of  four  to  one  in 
the  cx))osure  limes  gives  closely  comparable  yellow  and  violet 
imager,  for  the  ncbuloiiity  as  well  as  the  nuclei.  Little  or  no 
difference  in  distribution  is  noticeable,  and  both  objects  are 
rebtively  rich  in  yellow  light. 

Ring  Xebula  in  Lyra.  The  great  photographic  activity  of 
this  object  has  long  lieen  known,  but  it  was  a  surprise  to  find 
that  a  quarter  of  an  hour  was  required  to  record  on  a  yellow 
plate  as  much  as  was  obtained  on  the  violet  in  15'.  The  only 
comparable  images  at  present  available  are  faint.  They  show 
Ultle  if  any  difference  in  the  color  of  the  ring  and  the  central 
star.  Both  are  intensely  blue  or  violet.  /\s  the  cxpofiure  fac- 
tor is  eight  or  ten  times  that  necessary  for  comparable  images 
of  an  Ag  star,  the  color-index  of  the  central  star  must  he  of 
the  order  of  — 1.5  or  — 2.0  magnitudes. 


I 


I 


DismBLTioM  op  VioLCT  *xr>  Yii 
*.  Se«l  27.  Exponurc  Iff 
K.    Cramer  Uo,  E^xpoiiirv 


iw  Light  ik  Mnstn  99*  ^ 

Violcl  UgHt. 
0>.    Yellow  Light. 


Thr  S/'iral  Xfbultr  Messier  i/,  w^  and  w-  Here  we  have 
the  man  interesting  results  thus  far  obtained.  The  nuclei  in 
all  three  cases  arc  of  great  relative  intensity  on  the  yellow 


*Ttw  orifnul  idiotstnphi  tiurw  auttk  (WMl  timl  ia  luM  la  Ikx  (ifffidiwllua. 
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plates.  Rough  estimates  of  their  color-indices  are  in  accord- 
ance with  the  advanced  spectral  types  which  characterize  the 
central  portions  of  spiral  nebulae.  The  center  of  the  great 
condensation  at  the  extremity  of  the  branch  on  the  northern 
side  of  M  51  is  also  very  yellow;  but  the  minor  condensations 
scattered  along  the  branches  of  all  three  spirals  are  in  many 
instances  so  deficient  in  yellow  luminosity  that  they  do  not 
appear  at  all  on  the  yellow  plates  or  are  lost  on  the  back- 
ground of  faint  nebulosity,  which  in  places  is  of  much  the 
same  intensity  on  both  violet  and  yellow  plates.  The  branches 
as  a  whole  are  relatively  blue,  but  in  many  of  the  star-like 
condensations  the  more  refrangible  radiation  is  relatively  very 
intense. 

In  comparisons  of  the  sort  described,  care  must  be  taken  to 
allow  for  differences  in  gradation  on  the  two  kinds  of  plates. 
This  difference  is  frequently  important,  but  for  the  plates  in 
question  the  variation  in  the  distribution  of  the  luminosity  is 
so  pronounced  that  there  is  no  mistaking  the  phenomenon. 

Frkdkrick  H.  Seares. 


Six   Cki'hkids  with    X'ahiahi.k   SpI'Xtha. 

X'ariatioiis  in  the  sjK'ctra  of  eleven  Cei)liei(l  variables  have 
been  annonnced  in  reeenl  eommunications.'  A  eunsiderahle 
number  of  spectroi^rams  of  these  stars  has  l)een  secured  dur- 
in^^  the  last  two  months,  and  in  all  cases  the  variations  |)re- 
viously  reported  are  confirmed.  Several  other  Ce])heids  have 
been  added  to  the  observing  proj^ram.  in  fact,  all  o\  the 
brighter  ones ;  and  to  the  list  of  known  spectrum  variables 
six  more  stars  mav  now  Ix^  added.  In  the  follow ini^  table  the 
brightness  at  maximum  and  the  range  of  variation  are  given 
in  visual  magnitudes.  The  photog"ra|)hic  range  has  been 
measured  for  some  of  these  stars  and  found  to  l)e  nearlv 
double  the  visual  change.  The  total  range  of  spectrum  varia- 
tion is  i)robal)ly  larger  in  many  cases  than  defined  by  the 
limits  here  given,  as  the  i)lates  are  made   without  kno\vledg"e 


'  I'rocccdiuiis  of  the  S ational  Academy  of  Sciences,  2,  132,  136.  3ns.  1Q16. 
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of   the   light   maxima   and   minima   and   but    seldom   do   the 
spectra  coincide  with  the  extremes  of  the  range  in  brightness. 


.  Magnitude  at 

Range  of 

OtMcrved  Spectrum 

Star 

Maximum 

X'ariation 

Period 

Variation 

W  Sagittarii 

4.6 

0.8 

7.595 

F0-F9 

Y  Sagittarii 

5.8 

0.8 

5.773 

F4-G0 

U  .Aquibc 

6.2 

0.7 

7.024 

F6-G2 

SL'  Cygni 

6.5 

0.7 

3.846 

A6-F7 

w  .-XquiUe 

37 

0.8 

7176 

Fl-GO 

T  Viilpecula? 

5.5 

0.9 

4.436 

A9-G1 

X'ariations  seem  to  be  present  in  the  spectrum  of  S  SagitttP, 
but  the  plates  available  at  present  do  not  give  a  large  range. 
Small  variations  are  also  suspected  for  V  I'lilpcculcr  and 
f  Gcmiiiorum.  H.vrlow  Sh.vplev. 


Note  on  Comet  a  1916  (Xeljmin). 

Comet  a  1916  was  first  observed  photographically  by  M. 
Xeujmin.  of  Simeis,  Crimea,  on  Febmary  25,  1916. 

The  first  observation  received  at  the  Students'  Observatory 
was  one  made  on  Febmary  29th  by  Van  Biesbroeck  at  the 
Verkes  ( )bservatorv.  The  next  two  observations  received 
were  made  on  March  3rd  by  Hartwig  at  Bamberg,  and  on 
March  7th  by  .\itken  at  the  Lick  (Observatory.  On  the  basis 
of  these  three  observations,  an  orbit  was  computed  by  Mr. 
JeiTcrs.  Mr.  Pierce,  and  the  undersigned.  The  resulting  ele- 
ments and  an  ephemeris  extending  until  May  1st  are  pub- 
lished in  Lick  Ohscnatory  Bulletin  No.  280. 

This  orbit  is  elliptic,  the  approximate  period  of  revolution 
l>eing  5.2  years.  This  period  may  be  changed  by  a  year  or 
two  after  the  comet  has  been  longer  under  observation.  The 
short  period  indicates  that  the  comet  belongs  to  the  Jupiter 
group. 

The  comet  passed  closest  to  the  Sun  on  March  11th  at  a 
distance  of  about  124,000,000  miles.  The  plane  of  motion  is 
inclined  to  the  ecliptic  at  an  angle  of  about  10°.    The  eccen- 
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tricity  is  about  0.55,  the  longitude  of  the  ascending  node  328°, 
the  longitude  of  perihelion  161°,  and  the  semi-major  axis 
three  astronomical  units  or  about  279,000,000  miles. 

The  comet  was  discovered  in  the  constellation  Cancer  and 
is  moving  southeast.  It  is  receding  from  the  Earth.  On 
May  1st  it  will  be  0.34  as  bright  as  on  March  3rd,  at  which 
time  it  was  estimated  to  be  of  the  10.5  magnitude. 

There  is  a  possibility  of  the  identity  of  this  comet  with 
Comet  1889VI.  A  comparison  of  the  elements  of  al916  with 
those  of  1889VI  shows  that  they  agree  in  every  element- ex- 
cept w,  the  angle  between  the  ascending  node  and  the  line 
of  apsides  on  the  side  towards  perihelion.  Perturbations 
produced  by  Jupiter  on  1889VI  in  1910,  1911,  1912  may  have 
caused  a  change  in  ta  large  enough  to  make  it  the  same  as 
that  of  a  1916.  The  computation  of  these  perturbations  is  now 
being  carried  on  at  the  Students'  Observatory. 

Jessica  M.  Young. 


Students'  Ohscrv.itory, 
Uiiivf  rsity  oi  California. 
April  10,   1916. 

I  Xoto  added  May  22.  1916.] 

Tile  epliciiieris  above  mentioned  ^ives  a  position  tor  the 
comet  on  Aj)ril  20th  which  differs  from  an  observation  of  the 
comet  made  by  Dr.  Aitken  on  that  date  b\-  (V.7  in  ri<:^ht  ascen- 
sion and  1'.5  in  declination. 

The  comet  is  still  moving;  sontbeast.  Its  position  on  May 
22nd  is  IP'  15"'  42^^  in  rii^bt  ascension  and  — U""  41'.!  in 
declination.  Its  brij:^btness  on  this  date  is  0.2  its  brightness 
on  March  v^rd.  It  is  movin<^  at  the  rate  of  about  — 12'  per 
day  in  declination  and  -f-2'"   17""  jxm*  day  in  right  ascension. 

Jessic.\  M.  Young. 
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Appdintments  to  Fellowships  in  the  Lick  Observatory. 

Dr.  Warren  Kimball  Green,  for  the  past  two  years  Univer- 
sity Fellow  in  the  Lick  Observatory,  has  been  appointed 
Martin  Kellogg  Fellow  for  the  next  academic  year.  Mr. 
Green  received  the  degree  of  Doctor  of  Philosophy  from  the 
University  of  California  in  May.  1916.  His  thesis  is  entitled 
**A  Study  of  Certain  Xcbitl(r.'' 

.Mr.  Charles  I>onald  Shane,  A.  B.  1915,  has  been  appointed 
to  a  University  Fellowship  in  the  Lick  Observatory.  Mr. 
Shane  was  graduated  with  honors  in  astronomy  from  the 
University  of  California  and  is  at  present  a  Teaching  Fellow 
in  Mathematics  in  the  University. 

Mr.  Roscoe  F.  San  ford,  present  Martin  Kellogg  Fellow  in 
the  Lick  Observatory,  has  been  appointed  to  a  University 
Fellowship  in  the  Lick  Observatory  for  the  coming  year. 

Mr.  H.  B.  Wilcox,  B.  S.  1914,  University  of  Minnesota,  at 
present  an  assistant  on  the  faculty  of  the  I'niversity  of  Minne- 
sota, has  been  appointed  to  a  L'niversity  Fellowship  in  the 
Lick  Obser\'atory  for  next  year. 

Miss  Jessica  ^L  Young,  M.  S.  1915,  L'niversity  of  Cali- 
fornia, at  present  L'niversity  Fellow  in  .Astronomy  in  the 
Berkeley  .Astronomical  Department,  is  sj)ending  the  summer 
vacation  at  work  in  the  Lick  Observatorv. 


.A  New  Comet. 


On  a  photographic  plate  taken  at  Konigstuhl,  Heidelberg, 
on  .April  27,  1916,  Dr.  Max  Wolf  found  a  cometary  object  in 
the  position  R.  A.  12»»  ACT  16»;  Decl.  +  2^  24'  0".  Announce- 
ment of  the  discovery  reached  Lick  Observatory  on  May  2nd, 
but  the  object  is  visible  only  in  large  telescopes  and  on  the 
nights  when  the  36-inch  refractor  has  been  available  for 
micrometer  work  the  weather  conditions  have  prevented 
observations. 
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According  to  an  orbit  computed  by  M.  Van  Biesbroeck,  at 
the  Yerkes  Observatory,  the  comet  promises  to  be  of  more 
than  of  ordinary  interest,  for  the  time  of  perihelion  passage  is 
given  as  July  27 ^  1918,  the  perihelion  distance  as  141  millions 
of  miles,  the  eccentricity  as  0.6147,  and  the  revolution  period 
as  7.81  years.  If  these  values  are  approximately  correct,  it 
should  be  possible  to  observe  the  comet  thru  more  than  half 
of  its  entire  revolution  about  the  Sun.  It  should  be  noted, 
however,  that  the  motion  is  now  very  slow,  and  the  arc  on 
which  the  orbit  is  based  very  short.  Large  corrections  to  the 
orbit  elements  may  therefore  be  required  when  later  measures 
become  available. 

The  comet  is  moving  slowly  north  and  west  in  the  constella- 
tion Virgo, 

R.  G.  Aitken. 

May  20. 
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ABSTRACTS  FROM  ASTRONOMICAL 

l^UBLICATIOKS. 


SorTHERN   DoiBLE  Stars. 


It  is  a  pleasure  to  note  the  attention  that  is  being  given  to 
the  observation  and  discovery  of  double  stars  in  the  Southern 
Hemisphere.  Mr.  Innes  has  long  been  recognized  as  the 
leader  in  this  work,  his  discoveries  reaching  a  total  of  nearly 
1 100  pairs,  and  his  measures  of  known  pairs  being  far  more 
extensive  than  those  of  any  other  observer  in  the  Southern 
Hemisphere.  In  Circular  \o.  ^^.  of  the  Union  Observatory, 
South  .\frica,  recently  distributed,  the  fifth  series  of  **Meas- 
ures  of  Southeni  Double  Stars."  made  with  the  9-inch  Grubb 
refractor,  is  printed.  The  measures,  by  Mr.  Innes  and  his 
ass(x:iates  at  the  Union  Observatory,  are  made  in  the  same 
manner  as  those  in  the  four  earlier  series,  each  pair  being 
measured  on  one  night  when  east  of  the  meridian  and  on 
another  when  west.  If  the  agreement  of  the  two  sets  is  not 
satisfactory,  two  additional  sets,  similarly  divided,  are  made. 
The  eyes,  while  observing,  are  held  parallel  or  perpendicular 
to  the  line  joining  the  two  stars.  With  these  precautions  it 
is  hojx'd  that  systematic  errors  of  measurement  may,  for  the 
most  part,  be  eliminated. 

The  (}vc  series  of  measures  contain,  in  all,  about  1500  pairs, 
manv  of  them  so  close  as  to  reach  the  limit  of  the  theoretical 
resolving  power  (about  0".3)  of  the  telescope.  This  fact, 
and  the  statement  by  Mr.  Innes,  that  there  are  only  one  or 
two  nights  a  year  when  it  is  not  j)Ossible  to  measure  with  ease 
pairs  whose  angular  separation  is  0".90,  provided  the  two 
comjKHients  are  sensibly  equal  in  magnitude,  testify  to  the 
favorable  observing  conditions  at  Johannesburg  and  also  to 
the  excellence  of  the  telescope. 

As  in  the  earlier  series.  Mr.  Innes  appends  notes  to  the 
present  list  of  measures,  which  add  decidedly  to  the  value  of 
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the  paper.  Of  special  interest  to  the  present  writer  is  the 
statement  that  wide  and  easy  pairs,  like  many  of  the  h  pairs, 
are  not  to  be  observed  hereafter,  since  motion  in  such  pairs 
"will  be  disclosed  with  accuracy  and  certainty  by  the  examina- 
tion under  the  blink-microscope  of  pairs  of  astrographic  (or 
other)  plates  taken  at  different  epochs." 

It  is  to  be  regretted  that  the  war  has  seriously  affected  the 
work  of  the  Union  Observatory,  not  only  by  removing  to 
some  unknown  future  date  the  completion  of  the  large  tele- 
scope partly  constructed  for  it,  but  by  leaving  the  institution 
short  handed.  *♦♦  *  *  at  present  the  staff  is  reduced  to  Mr. 
Innes  and  Mr.  Wood,  with  two  lady  assistants  who  do  the 
clerical  and  meteorological  work." 

In  addition  to  the  five  series  mentioned  above.  Circular 
No.  2^  contains  a  series  of  measures  made  with  the  9-inch 
refractor  by  M.  J.  Voute,  of  the  Cape  Observatory,  during 
two  visits  to  Johannesburg  early  in  1915.  M.  Voute  used  the 
reversing  prism  in  his  measures,  as  in  his  earlier  work  at 
the  Leiden  Observatory,  his  chief  object  being  to  determine 
whether  the  elimination  of  systematic  errors  by  its  use  "is 
efficient  under  ditlercnt  conditions  of  the  instrument  and  j)lace 
of  observation."  His  conclusion  favors  the  use  of  the  j)risni, 
the  probable  error  of  measure  bein^e;"  decidedly  reduced  thereby. 

Professor  W.  J.  Ilussey  has  also  been  making  ini])ortant 
contributi(Mis  to  our  knowledge  of  southern  double  stars  by 
his  w<)rk  with  the  17-inch  refractor  o\  the  La  I*lata  Observa- 
tory. In  Part  II  of  \'olunie  I  of  the  Puhl'xcaiions  of  the 
Astroii()}nical  Ohscrz'iifory  of  the  [Jiiiz'crsify  of  Michii^an,  are 
|)rinted  two  lists  of  new  double  stars  (the  first  of  which  had 
also  been  j^rinted  in  Tomo  I  of  the  Pitbliaicioiics  of  the  La 
Plata  Observatory)  which,  tof;ether,  include  311*  ])airs.  and 
also  a  list  of  measures  of  nearly  200  other  double  stars  south 
of  — 17"  declination. 

Some  of  tbe  stars  in  all  three  of  these  lists  have  been  meas- 
ured on  one  ni^"ht  only,  and  some  of  the  new  jiairs  in  tbe 
first   list    (  lv'5tli   Cataloi^)    have   not  been  measured   at  all.  be- 


*Mi.  Iiinc^  i^'ints  out  that  17  pairs  |.rrviuiisly  iliscovereil  ami  measured  by 
other  observers  are  inchuled  \u  the  two  bsts.  Tlie  14th  Catalog  contains  only  99 
^tars,    there    beiiiKj    no    nvuuber    K>21. 
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cause  no  micrometer  was  available  at  the  time  of  their  dis- 
covery. The  great  majority,  however,  have  been  measured 
on  two  or  more  nights  each. 

In  general,  the  new  Hu  pairs  are  of  the  same  character  as 
those  discovered  by  Mr.  Hussey  while  at  the  Lick  Observa- 
tor>',  about  57  per  cent,  of  those  in  the  first  list,  and  70  per 
cent,  of  those  in  the  second  falHng  within  the  limit  of  2"  in 
angular  separation.  A  considerable  percentage,  however,  are 
relatively  faint  pairs  with  ang^dar  separation  well  above  the 
limits  of  3"  adojUed  in  work  at  the  Lick  Observatory,  the 
widest  j>airs  being  Hu  1349  and  Hu  1533,  with  distances 
8".85  and  8.'74  and  magnitudes  9.0-10.5  and  9.1-9.8, 
res|)ectively. 

It  is  to  be  hoped  that  the  double  star  work  at  both  of  these 
southern  observatories  may  be  carried  on  vigorously. 

R.  G.  AlTKEN. 
May.  1916. 


StELL.\R    M.AGNITrDES  OF   THK   SlN,   M(K)N    AND   FYaNETS  AND 

THE  Albedo  of  the  Planets  and  Satellites. 

In  the  March.  1916.  number  of  the  Astrophysical  Jouniai, 
Professor  H.  X.  Russell  presents  a  careful  discussion  of  all 
existing  photometric  data  of  the  Sun.  Moon  and  planets  and 
a  determination  from  these  of  the  most  probable  values  of  the 
stellar  magnitudes  on  the  Har\'ard  scale  of  these  objects.  A 
critical  comparison  of  the  seven  series  of  observations  of  the 
relative  brightness  of  the  Moon  at  diflPerent  phases  is  made, 
and  a  satisfactory  representation  by  a  mean  light-curve  of 
all  the  observations  is  obtained.  .Attention  is  called  to  the  fact 
that  the  full  Moon  is  8.7  times  brighter  than  the  first  quarter, 
and  10.0  times  brighter  than  the  last  quarter. 

As  the  value  of  the  visual  stellar  magnitude  of  the  Sun  he 
adopts  the  simple  mean  of  the  determinations  by  Zollner, 
Fabr}',  Pickering  and  Ceraski.  whose  observations  altho 
obtained  by  very  different  methods  are  in  remarkable  agree- 
ment.   The  visual  magnitude  of  the  Sun  on  the  Harvard  scale 
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is  then  — 26.72  zbO".04.  From  the  weighted  mean  of  King's 
and  Birck's  observations,  the  Sun's  photographic  magnitude  is 
— 25.93.  Its  color  index  is  therefore  +0°*.79,  in  good  agree- 
ment with  King's  value  of  0"*.72  for  stars  of  Class  G. 

Stellar  magnitudes  of  the  planets  are  based  chiefly  on  the 
very  extended  series  of  observations  by  Miiller,  which  for  the 
brighter  planets  are  found  to  require  a  correction  of  approxi- 
mately — 0^.06  in  order  to  reduce  them  to  the  Harvard  sys- 
tem. For  Uranus  and  Neptune  no  correction  appears  neces- 
sary. King's  observations  of  the  photographic  magnitudes  of 
the  planets  have  been  adopted  in  the  present  work. 

Determinations  of  the  stellar  magnitude  of  the  mean  full 
Moon  made  by  different  observers  are  quite  discordant  and 
the  value  of  this  important  constant  is  still  subject  to  con- 
siderable uncertainty.  For  its  value  he  has  adopted  the 
weighted  mean  of  five  series  of  observations,  excluding  all 
those  which  were  obviously  affected  by  systematic  errors. 

A  second  paper  by  the  same  author  appearing  in  the  Astro- 
physical  Journal  for  April.  1916,  is  devoted  to  the  determina- 
tion of  the  albedo  of  the  Moon,  ])lanots  and  brighter  aster- 
oids and  satelhtes.  on  the  basis  of  their  adopted  niai^nitudes. 
and  to  a  (hseussion  of  the  material  bearing  upon  the  albedr» 
of  the  I'^arth. 

\ece])ting  IJond'^  defniition  of  *"all)e(lo"  as  tlie  ratio  (»f  the 
amount  of  light  retleeted  in  all  direetions  by  a  s])here.  to  the 
total  ineident  light  when  the  sphere  is  illuminated  by  parallel 
ra\s,  it  is  shown  that  the  albedo  may  be  expressed  a<  the 
])ro(luet  of  two  factors.  (  )ne  oi  these  de])ends  only  u])on  the 
law  of  the  variation  of  the  ])lanet's  light  with  ])hase.  while  the 
other  factor  [p]  is  the  ordinary  reflecting^  power  {  fre(juently 
called  albedo),  or  the  ratio  of  the  observed  brightness  at  full 
phase  to  that  which  would  be  obtained  by  re])lacing  the  planet 
by  a  t1at  disk  of  the  same  diameter  as  the  j)lanet. 

A  few  values  of  the  stellar  magnitudes  (;//),  reflecting 
])ower  ( />  ) ,  visual  albedo,  color  index,  and  photographic 
albedo  are  here  given  for  the  objects  which  are  of  general 
interest  : 
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Visual 

Color 

Photographic 

Object 

m 

^ 

Albedo 

Index 

Albedo 

Mix>n 

—12.55 

0.105 

0.073 

+  1.18 

0.051 

Mercury 

-  294 

.164 

.069 

212 

.077 

.055 

Venus 

477 

492 

.59 

+0.78 

.60 

Mars 

1.85 

.139 

.154 

+  1.38 

.09 

JupiUT 

—  2.29 

.375 

.56 

+0.50 

73 

Saturn 

+  0.89 

.420 

.63 

+  1.12 

0.47 

Uranu> 

+  5.74 

.42 

.63 

Neptune 

+  7.65 

.49 

.73 

The  values  of  m  are  for  mean  op|)osition,  except  those  for 
Mercury  and  retius:  they  are  for  mean  distance  from  the 
Sun  and  unit  distance  from  the  Earth.  Two  sets  of  vahies 
are  given  for  Mercury,  computed  res[)ectively  by  Miillcr's 
linear  empirical  fomiula.  and  by  his  quadratic  formula. 

The  results  for  the  brightness  of  the  Earth  and  its  stellar 
magnitude  are  deduced  from  \'ery*s  recent  observations  of 
the  intensity  of  the  earth-shine  on  several  different  assump- 
tions regarding  the  variation  of  the  Earth's  brightness  with 
phase.  On  the  assumption  that  this  variation  is  the  same  as 
that  for  retius,  the  stellar  magnitude  of  the  Earth  as  seen 
from  the  Sun  is  — 3.8,  its  reflecting  |)ower  (/>)  0.37  and  its 
visual  albedo  0.43.  X'ery's  value  of  the  Earth's  albedo,  0.89, 
is  shown  to  result  from  the  use  of  Zollncr's  value  of  the 
Moon's  "true  all>edo"  instead  of  its  "apparent  albedo."  When 
this  correction  is  made,  X'ery's  computation  gives  for  the 
Earth's  visual  albedo  0.49,  a  result  which  instead  of  being  in- 
consistent with  .Abbot's  value  of  the  solar  constant,  is  actuallv 
in  good  agreement  with  it. 

Professor  Russell  repeatedly  calls  attention  to  the  urgent 
need  of  further  observations  of  these  fundamental  photo- 
metric constants  with  modern  precision,  a  piece  of  research 
which  he  says  **would  well  repay  the  undivided  attention  of 
a  competent  observer  for  a  considerable  time." 

J.  H.  MooKE. 

May.  1916 
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The  Extension  of  the  Spectrum  in  the  Ultra  Violet. 

The  light  vibrations  which  affect  our  eyes  or  which  are 
used  in  the  ordinary  processes  of  photography  form  only  a 
few  octaves,  if  we  may  borrow  the  term,  in  the  extended 
gamut  of  ether  vibrations,  and  all  explorations  which  ex- 
tend our  knowledge  of  these  vibrations  beyond  the  red  or 
below  the  violet  of  our  ordinary  spectrum  possess  a  very  great 
theoretic  interest  and  may  eventually  prove  to  be  of  great 
value  in  spectroscopic  theories  of  the  constitution  of  matter. 

The  gradual  process  of  exploration  which  has  extended  our 
knowledge  of  the  spectrum  below  the  limit  of  the  human  eye 
in  the  violet  (wave-length  about  4000  A)  forms,  with  its 
record  of  successive  obstacles  overcome,  one  of  the  most  in- 
teresting recent  chapters  of  experimental  research. 

With  glass  prisms  and  lenses  the  lower  limit  of  the  spec- 
trum was  first  pushed  to  about  3000  A;  at  this  point  glass 
becomes  opa(|iic  to  tliese  short  vibrations,  and  the  next  step 

was  to  use  (|iiartz  prisms  aiul  lenses  or  retlecting"  ^ratin.q;s.  l)y 
means  of  wliicli  the  lower  limit  was  reaehed  at  abotit  1850  A. 
Below  this  ])oint  not  only  does  the  gelatine  of  the  ordinary 
photoi^Taj)hic  plate  heeome  opacjtie.  hut  even  a  few  inches  of 
air  cnts  off  these  short  waves  as  etlectnally  as  a  screen  of 
metal,  and  such  snhstances  as  cjuartz  and  fiuorite  rapidly  lose 
all  ])Ower  of  transmission.  This  obstacle  was  in  turn  over- 
come by  Schtmiann.  who,  by  the  invention  of  a  special  photo- 
graphic plate  very  deficient  in  gelatine  and  by  exhausting  the 
air  from  his  a])j)aratus,  was  enabled  to  record  sj)ectral  lines 
of  as  short  a  wave-length  as  1230  A;  at  this  ])oint  he  was 
stopped  by  the  o])acity  of  the  tluorite  of  which  his  lenses  were 
made. 

Professor  Theodore  Lyman  was  able,  bv  emploving  a  re- 
flection  grating  and  by  filling  his  spectrograph  with  hydrogen 
gas.  to  reach  the  extremely  short  wave-length  of  900  A  in 
1014.  Mis  paj)er  in  the  AstropJiysical  Journal  for  March. 
1916.  of  which  this  is  a  brief  abstract,  describes  his  further 
experiments  in  this  interesting  line  of  research.     Finding  that 
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hydrogen,  in  its  turn,  had  become  opaque  as  far  as  wave- 
lengths shorter  than  900  A  were  concerned,  he  turned  his 
attention  to  helium,  and  by  using  this  gas  and  by  certain  im- 
provements in  his  apparatus  he  has  succeeded  in  reaching  the 
phenomenally  short  wave-length  of  599  A.  the  present 
"farthest  south'*  in  this  field  of  investigation. 

Aside  from  the  precautions  which  must  be  taken  to  render 
the  apparatus  leak-proof  and  to  secure  purity  in  the  gases 
employed  to  fill  the  spectrograph,  when  one  considers  that 
each  sei>arate  plate  must  be  sealed  inside  the  spectrograph, 
the  air  exhausted,  the  instrument  filled  with  helium,  and  that 
then  the  apparatus  must  be  taken  apart  to  get  out  the  plate 
after  the  exposure  has  been  made,  one  obtains  perhaps  a 
slight  idea  of  the  difficulties  of  si)ectrum  exploration  in  this 
region. 

Only  a  few  of  the  lines  found  have  been  identified  with  any 
certainty ;  a  puzzling  aspect  of  the  results  is  that  many  of  the 
strongest  lines  appear  to  be  about  equally  strong  in  nitrogen, 
helium  or  argon,  and  are  perhaps  to  be  attributed  to  some 
subtle  impurity. 

The  X-rays  have  a  wave-length  of  the  order  of  one  angs- 
trom :  there  is  thus  a  gap  of  alx)ut  (lOO  \  between  the 
wave-length  of  the  X-rays  and  the  limit  reached  by  Lyman, 
who  believes  that  this  gap  may  be  further  shortened  by 
purely  spectroscopic  means.  It  will  certainly  be  a  discover}' 
of  great  interest  when  the  point  of  transition  shall  be  reached 
between  the  X-ray,  to  which  many  solids  are  apparently  as 
transparent  as  is  glass  to  ordinary  light,  and  these  short 
light-waves,  to  which  a  slight  thickness  of  air  or  a  half  milli- 
meter of  quartz  appears  as  eflPectually  opacjue  as  an  equal 
thickness  of  steel. 

H.  D.  Curtis. 


A  Variation  in  the  Solar  Rotation. 

In  the  Astrophysical  Journal  for  March,  1916.  Professor 
Flaskett  gives  the  results  of  his  investigations  on  the  rotation 
period  of  the  Sun  made  at  Ottawa  in  19L^.  The  method  fol- 
lowed the  general  lines  suggested  in  the  conferences  of  the 
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International  Solar  Union,  and  the  plates  were  grouped  in 
point  of  time  in  such  a  way  as  to  give  data  for  the  detection 
of  variations  in  the  rotation  period  of  the  Sun,  whether  of 
short  or  long  period. 

No  evidence  was  secured  which  would  warrant  the  assump- 
tion of  a  very  short  period  variation  in  the  solar  rotation.  The 
results,  however,  seem  to  point  with  considerable  definiteness  to 
a  periodic  variation  in  the  speed  of  solar  rotation  at  the  equator 
with  a  period  of  roughly  one  month,  and  a  range  of  about 
0.15  kilometer  per  second.  With  regard  to  a  secular  change 
in  the  time  of  rotation  the  angular  speed  of  rotation  found 
from  the  1915  results  is  13^^.83  per  day,  while  the  1913  re- 
sults gave  a  value  of  14°.  14  per  day,  apparently  indicating 
that  there  had  been  a  real  change  in  the  interim.  The  con- 
clusion reached  from  a  discussion  of  results  secured  at  Ottawa 
and  elsewhere  is  that  since  1906  the  equatorial  rotation  value 
has  been  slowly  falling  from  2.050  to  1.950  kilometers  per 
second. 

Tho  such  a  result  seems  at  first  sight  incomprehensible  in 
a  body  so  enormous  as  the  Sun,  one  must  remember  that  the 
|)hc"n(>nicna  arc  (l()iil)tlcss  associated  with  a  relativol\  thin  >nr- 
face  layci",  a  la\cr  whicli  we  know  from  snn-s])(»l  and  (tther 
spectroscopic  observations  is  rotating'  at  chfferent  speeds  from 
the  e(|nator  of  the  Snn  to  its  j)oles  with  occasional  abnormal 
vahu>  and  \'a.i,'^aries  which  still  await  adecjuate  explanation. 
Some  (liscnssion  is  made  in  the  ])af)er  (|iioted.  showini,^  the 
])osNil)ilily  of  a  phxsical  explanation  of  such  a  variable  vehjcity 
in  accordance  with  Professor  Kmden's  solar  theor\'.  A  snr- 
face  la\er  which  shows  so  remarkable  a  chanii^e  in  its  be- 
ha\ior  as  that  exem])lified  by  the  difference  Ijctween  the 
epochs  of  sim-spot  maximnm  and  sun-spot  mininunn  might 
well  1)e  exjK'cted  to  show  similar  abnormalities  in  its  apparent 
speed   of    rotation. 

H.  D.  CiRTis. 

M.iv.  1916 


'Idle  .  Istronofiiical  Joiniial  \os.  bi^()-()S7  contains  the  detini- 
ti\"e  orbit  of  Comet  1853  11,  by  Ceorgcs  van  r)ies])roeck.  of 
^"erkes    ( )bservatorv.      As   the    comet    was   observed    for   onlv 
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fifteen  days  but  fifty  determinations  of  position  were  avail- 
able ;  the  resulting  elements  satisfy  all  the  observations  well ; 
an  elliptic  orbit  is  indicated  with  a  period  of  several  hundred 
years.  The  orbit  shows  some  resemblances  to  that  of  the  first 
comet  of  1362,  and  a  rediscussion  of  the  Chinese  observations 
of  the  latter  comet  is  made  in  the  endeavor  to  connect  the 
two  bodies  as  apparitions  of  the  same  comet,  tho  it  is  pointed 
out  that  the  comet  of  1362  was  a  striking  object,  while  that 
known  as  1853  II  was  barely  visible  to  the  unaided  eye.  The 
author  comes  to  the  conclusion  that  the  identity  of  comet 
1855  II  with  that  of  1362  can  not  be  considered  as  in  any 
way  proved. 


REVIEW 


Two  Books  on  Mktkokites. 

Students  of  meteorites  will  be  interested  in  two  volumes  by 
Dr.  Harrington,  Curator  of  Geology  in  the  Field  Museum  of 
Natural   History,  Chicago,  which  have  appeared  recently. 

.\  Catalomtc  of  the  Meteorites  of  Xortlt  Ameriea  was  issued 
a  few  months  ago  as  \olume  XIII,  Memoirs  of  the  Xational 
.liiiiiemy  of  Seieuces:  513  quarto  pages  of  text,  and  36  full- 
I)age  sectional  maps  of  Xorth  .America.  It  treats  of  247 
objects  or  "falls"  recognized  by  Dr.  Harrington  as  bona-fide 
meteorites  up  to  January  1,  1W>.  Of  the  247.  the  iron 
meteorites  number  161,  the  iron-stone  meteorites  10,  and  the 
stony  meteorites  76.  Of  the  three  kinds.  3  iron.  1  iron-stone, 
and  56  stone  meteorites  were  actuallv  seen  to  fall,  but  Dr. 
Harrington  is  convinced  that  the  remaining  187  "finds"  repre- 
sent real  "falls."  IX)ubtful  cases  have  been  excluded.  The 
[)henomena  of  each  fall  and  find,  the  shape,  size,  chemical 
composition,  and  mineralogical  structure  of  each  object,  are 
described  in  good  fullness,  but  completeness  is  obviously  im- 
possible in  the  cases  which  include  many  specimens  in  one 
fall  or  find.  The  Canyon  Diablo  group,  for  example,  includes 
thousands  of  meteorites  of  a  great  variety  of  forms  and  sizes, 
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and  the  author  necessarily  limited  the  text  to  such  physical 
and  chemical  descriptions  of  selected  specimens  as  would  set 
forth  the  characteristics  of  the  great  group.  Following  the 
data  for  each  meteorite  is  its  bibliography;  the  author  has 
aimed  to  give  the  reference  for  every  paper  which  makes  an 
appreciable  contribution  to  the  subject,  but  unessential  papers 
are  not  listed.  This  volume  represents  an  enormous  amount 
of  labor  in  collecting,  reading,  compiling,  abstracting,  editing. 
Good  judgment  was  demanded  constantly.  The  work  appears 
to  have  been  done  thoroly  and  intelligently. 

Dr.  Farrington  makes  interesting  comments  upon  the  dis- 
tribution of  the  247  meteorites: 

Considering  the  province  of  North  America  as  a  whole,  the  distribu- 
tion of  known  meteorites  is  most  abundant  in  the  eastern  United  States 
and  in  Mexico.  Few  meteorites  are  known  in  British  North  America 
and  the  western  United  States.  There  can  be  little  doubt  that  the 
apparent  scarcity  in  the  localities  indicated  is  largely  due  to  lack  of 
observers,  as  the  writer  has  elsewhere  urged.  It  is  not  safe,  however, 
to  ascribe  too  much  to  this  cause,  since  areas  equally  populated  show 
great  discrepancies  in  the  nurhber  of  their  meteorites.  One  of  the  best 
illustrations  of  tills  is  the  state  of  Illinois.  This  is  an  area  of  56.000 
square  niile^^  in  which  there  are  no  known  meteorites.  The  greatest 
massing  of  meteorites  in  the  whole  province  of  Xorth  America  occurs 
in  the  regi<Mi  of  the  southern  Appalachians,  where  the  state*^  of  Ken- 
tucky Virginia.  Tennessee^  .\(»rth  Carolina.  Georgia,  and  Alabama 
adjoin.  A  circle  with  a  radius  of  3(X1  miles  drawn  al^out  Mount 
Mitcliell.  Xorth  Carolina,  as  a  center,  will  include  nearly  half  of  the 
known  meteorites  of  Xorth  America.  Twenty-live  of  these,  or  nearly 
half  of  the  known  falls  of  the  continent,  are  observed  falls,  and  it  would 
seem  possilde  at  first  tliought  that  many  of  the  meteorites  in  thi^  area 
miglit  have  come  from  a  single  shower.  This  would  reduce  the  num- 
ber. l)Ut  the  writer  has  made  a  careful  study  of  the  history  of  each 
meteorite  and  its  geographical  relation  to  those  of  similar  character 
withcnit  finding  any  sui)port  for  such  a  \iew.  Not  only  does  the  area 
contain  a  large  number  of  observed  falls,  but  the  finds  embrace  a 
variety  of  tyj)es  larger  than  any  known  to  be  produced  by  a  single 
shower.  *  *  *  A'^  regards  poj)ulation  in  the  area,  conditions  are  only 
moderately  fa\orable.  since  the  area  is  not  very  thickly  settled.  The 
climate  of  the  region  is  moist,  the  average  yearly  rainfall  being  50-60 
inches,  so  that  a  relatively  rapid  disintegration  of  iron  meteorites  might 
be  expected.  Vet  in  spite  of  so  many  conditions  unfavorable  to  their 
occurrence  in  large  numl)ers,  meteorites  are  superabundant  in  this  area. 
This  seems  to  leave  little  doubt  that  some  force  tends  to  bring  about 
their  concentration  here.     It  is  noteworthy  that  this  region  includes  the 
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highest  summits  of  the  Appalachians,  and  this  suggests  cither  the 
presence  of  an  extra-gravitational  force  or  that  a  purely  obstructive 
effect  has  been  exerted  by  the  high  peaks.  Studies  of  the  gravitational 
effects  of  mountain  masses  indicate  no  force  seemingly  sufficient  to 
affect  the  fall  of  a  meteorite,  though  some  such  force  may  exist.  Mag- 
netic influences  may  also  be  suggested.  Xext  to  the  massing  of  meteor- 
ites about  the  southern  Appalachians,  the  most  striking  grouping  seems 
to  be  within  the  borders  of  Kansas.  Within  the  area  of  this  State, 
alH)ut  82,000  square  miles,  15  meteorites  occur.  Of  the.se,  four  are 
observed  falls.  Those  of  the  western  part  of  the  State  arc  all  stones, 
and  an  effort  has  been  made  to  show  that  they  may  have  been  the  re- 
sult of  a  single  shower,  but  the  history  and  characters  of  the  meteorites, 
to  the  writer's  mind,  negative  this  view.  The  soil  of  the  western  part 
of  Kansas  is  especially  favorable  to  the  finding  of  meteorites,  as  it  con- 
tains few  terrestrial  rocks,  but  this  advantage  is  perhaps  neutralized 
by  the  scantiness  of  the  population.  The  climate  is  dry,  thus  tending 
to  the  preserxation  of  meteorites.  The  region  is  not  itself  mountainous, 
but  is  elevated  and  within  a  few  hundred  miles  of  the  mountain  masses 
which  culminate  in  Pike's  Peak.  *  *  * 

The  three  greatest  meteorite  showers  of  North  America  have  all 
occurred  within  the  state  of  Iowa,  two  of  them  within  65  miles  of  each 
other,  the  third  IJO  miles  distant  from  either.  *  ♦  * 

It  is  evident  that  the  distribution  of  the  localities  from  which 
meteorites  arc  known,  or  what  may  be  in  short  known  as  the  distribu- 
tion of  meteorites,  will  be  affected  by  at  least  four  terrestrial  factors : 
( 1  )  density  of  population,  (2)  character  of  population,  (3)  climate,  and 
1 4)  character  of  soil.  Density  of  population  will  increa.se  the  number 
of  meteorites  known  from  a  region,  because  the  greater  the  population 
the  greater  the  number  of  observers  and  the  more  numerous  the 
chances  both  that  the  meteorite  will  be  observed  when  it  falls  and  that 
It  will  l)e  found  after  it  has  fallen.  As  regards  character  of  population, 
a  high  order  of  intelligence  is  favorable  not  only  to  the  observation  but 
to  the  preservation  of  meteorites.  The  writer  has  elsewhere  called 
attention  to  the  fact  that  the  distribution  of  meteorites  on  a  map  of  the 
world  is  almost  exactly  that  of  the  Caucasian  race.  This  seems  to  prove 
(|uite  conclusively  that  the  distribution  of  meteorites  is  largely  dependent 
on  the  degree  oi  civilization  attained  in  a  region.  That  this  factor  is 
iiio'c  important  than  density  of  iK>pulation  is  shown  by  the  fact  that  no 
ricicoritc^  are  l-nown  from  China  in  spile  of  its  immense  numbers  of 
IK'opJc  In  the  jirovince  <^f  North  .Xmerica  it  is  hardly  likely  that  the 
different  degrees  of  intelligence  existing  in  different  regions  would 
exert  .iny  <liscerniblc  influence  on  the  number  of  meteorites  known.  As 
regards  clim.ite.  aridity  m.iy  be  doubtless  considered  favorable  and 
humitlity  unfavorable  lu  the  preservation  of  meteorites.  In  a  humid 
elimate  the  iron  meteorites  disintegrate  much  more  rapidly  than  in  an 
arid  climate,  and  to  a  certain  extent  the  same  is  true  of  stone  meteorites. 

.As  regards  character  of  soil,  it  is  obvious  that  soils  free  of  rocks 
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would  be  most  favorable  to  the  finding  of  meteorites.  The  existence 
of  such  soils  in  Kansas  and  Texas  has  led  to  the  discovery  in  those 
regions  of  meteorites  that  would  probably  have  been  overlooked  in 
stony  localities.  An  iron  meteorite  is,  of  course,  more  likely  to  attract 
attention  in  any  soil  than  a  stony  meteorite,  but  the  latter  is  quite  likely 
to  be  overlooked  in  stony  soils.  From  the  above  it  appears  that  the 
most  favorable  terrestrial  conditions  for  the  finding  of  meteorites  are 
those  of  a  dense,  intelligent  population  living  in  an  arid  climate  and 
upon  a  pebblelcss  soil.  Such  conditions  are  not  likely  to  exist  together, 
but  now  one  and  now  another  will  predominate  in  any  given  region. 
To  a  certain  degree  the  absence  of  one  is  likely  to  offset  the  presence 
of  another,  but  where  several  of  these  conditions  are  lacking  and  a 
preponderance  of  meteorites  occurs  other  reasons  must  be  sought. 
The  eastern  states  of  the  United  States  as  compared  with  the  western 
states  possess  a  relative  dense  population,  but  a  moist  climate  and 
rocky  soil.  Canada  has  a  scanty  population,  a  moist  climate,  and  rocky 
soil.  Mexico  has  the  advantage  of  an  arid  climate  but  the  disadvantage 
of  a  scanty  and  illiterate  population,  and  a  more  or  less  rocky  soil. 

The  second  volume  by  Farrington  is  on  Meteorites:  Their 
Structure,  Composition  and  Terrestrial  Relations:  octavo, 
pp.  233  -\-  X  and  one  chart.*  It  is  in  the  nature  of  a  general 
treatise  on  the  subject;  prepared  from  the  viewpoint  of  the 

niincralog"ist    rather   than   of   the   astronomer.      The    reviewer 

ackno\vlc(li:^es  the  inadecjiiac}-  (^f  w  hat  he  is  w  ritii^c:  concerning: 
the  l)ook  on  that  account.  1  lowever,  the  hook  has  nianv  |)«>ints 
of  contact  with  astronomical  j)rol)lems,  and  is  of  interest  to  all 
students  of  nature. 

The  author  descrihes  three  cla>ses  of  meteorites — stone, 
iron-stone,  and  iron  meteorites,  which  pass  from  one  cla^s  to 
the  next  1)\'  almost  insensilile  j^radations — and  explains  how 
s|)ecimens  usually  may  he  distinguished  as  real  meteorites  or 
as  of  terrestrial  c^rii^in.  *'Xo  sini^le  criterion  can  l)e  Ljiven  for 
distin.^uishinj.;'  meteorites  from  masses  of  terrestrial  origin. 
Only  hy  coml)ininc:^  several  featiu'es  can  the  i)ositive  determina- 
tion of  a  meteorite  he  made."  Even  so,  it  seems,  there  must 
he  cases  in  which  the  meteoric  orii^i^in  cannot  he  ascertained 
with  certainty.  "So  far  as  the  iron  meteorites  are  concerned, 
the  j)resence  of  nickel  is  essential.  Xo  iron  meteorites  are 
known  without  nickel,  ^'et  this  alone  does  not  j)rove  meteoric 
orii^in,  since  terrestrial  nickel-irons  are  known.  Terrestrial 
nickel-irons,    however,    have    a    percentage    of    nickel    either 

'Published  l)v  the  autlior. 
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lower  (3%)  or  higher  {35%)  than  that  of  meteorites,  so 
that  a  i)ercentage  of  nickel  between  8%  and  20%  is  a  pretty 
sure  indication  of  meteoric  origin."  Other  lines  of  evidence 
have  somewhat  similar  values,  and  must  be  treated  with 
circumspection. 

We  quote  a  few  specially  interesting  facts  from  the  book: 

Of  ahout  7(X)  mcteroitcs  now  recognized,  only  about  one-half  were 
actually  seen  to  fall.  ♦  •  *  Of  about  350  observed  falls  only  10  have 
IxtMi  of  in>n  meteorites.  On  the  other  hand,  among  meteorite  "tinds," 
the  inni  meteorites  largely  predominate.  This  is  chiefly  for  the  reason, 
doubtless,  that  the  iron  meteorites  ♦  ♦  ♦  attract  the  attention  of  the 
ordinary  observer  nuich  more  quickly  than  the  stone  meteorites.  The 
latter  show  to  the  casual  observer  no  striking  diflPerences  from  the 
terrestrial  riX'ks,  and  are  thus  usually  overlooked. 

\<)  meteorite  fall  has  ever  been  positively  known  to  have  been 
destructive  of  human  life.  ♦  ♦  *  Perhaps  the  most  narrow  escape 
which  has  ever  Ix'en  experienced  was  that  of  three  children  in  Braunau 
at  the  time  of  fall  of  tliat  meteorite  in  1847.  This  meteorite,  an  iron 
weighing  nearly  40  pounds,  fell  in  a  rmim  where  these  children  were 
sleeping  and  covered  them  with  debris,  but  they  suffered  no  injury. 

About  20  of  the  most  interesting  observed  falls  of  meteor- 
ites are  described  at  some  length.  The  part  played  by  our 
atmosphere  in  resisting  the  passage  of  meteorites  is  discussed, 
in  somewhat  general  terms,  to  about  the  extent  that  the 
reader  of  j)opular  astronomical  articles  will  desire,  but  not  to 
meet  the  tieeds  of  the  student  of  the  subject. 

The  times  of  fall,  with  reference  to  vears.  months  of  the 
year,  and  hours  of  the  day.  are  discussed,  but  unfortunately 
the  value  of  the  discussion  is  reduced  by  the  great  number 
of  errors  in  the  summations  (page  41),  as  well  as  by  weak- 
ness in  the  astronomical  aspects  of  the  problems.  We  quote 
from  p.  44:  **A11  meteorites  which  move  in  orbits  which  arc 
parabolic  about  the  Sun  have  a  velocity  of  26.16  miles  per 
second."  This  sentence  could  easily  puzzle  many  readers,  but 
one  who  already  understands  the  subject  can  interpret  the 
author*s  idea.  It  seems  to  mean  that  a  meteoric  body  travel- 
ing around  the  Sun  in  a  parabolic  orbit  which  intersects  the 
Earth's  orbit  will  at  the  point  of  intersection  have  an  orbital 
velocity  of  26.16  miles  per  second;  and,  therefore,  a  "para- 
bolic" meteorite  (a  body  that  comes  down  thru  our  atmos- 
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phere)  possesses  intrinsically  that  velocity.  One  ought  to 
recall  that  as  the  Earth's  distance  from  the  Sun  varies  by  as 
much  as  three  million  miles  in  the  course  of  a  year,  so  the 
parabolic  velocity  of  a  meteorite  will  vary  correspondingly. 
And  should  the  reader  be  left  with  the  thought  that  the  orbits 
of  meteoritic  bodies  are  parabolic  in  general?  The  work  of 
H.  A.  Newton  and  of  W.  H.  Pickering  is  counter  to  the  idea. 
The  author  refers  to  the  opinions  of  these  investigators,  but 
much  later  in  the  book,  on  page  213. 

The  author's  description  of  meteoritic  showers  records  many 
interesting  facts.  ''In  each  of  the  showers  of  Pultusk  and 
Mocs  more  than  100,000  stones  fell.  In  the  shower  of  Hol- 
brook,  14,000  stones  fell,  and  in  that  of  L'Aigle  2-3,000." 
"All  observed  showers  have  been  of  stones,  but  the  finding  of 
numerous  individuals  of  iron  in  single  localities  such  as 
Toluca  and  Canyon  Diablo  indicates  that  showers  of  meteoric 
irons  sometimes  take  place  also." 

*'The  largest  individual  meteorite  known  is  one  of  the  Cape 
York,  Greenland  group,"  an  iron  meteorite  weighing  36J/2 
tons,  brought  home  by  the  Arctic  explorer  Peary  and  de- 
|)OsitC(l  in  The  American  ^^llsellnl  of  Xatural  History,  Xew 
^V)rk  City. 

Chapters  of  the  hook  are  devoted  to  Forms  of  Meteorite^. 
Crusts  of  Meteorites,  \'eins  of  Meteorites.  Structure  of 
^^eteo^ite^.  Comj)ositi(ui  of  Meteorites,  ( )ri<J"in  of  Meteorites, 
Terrestrial    F\< Nations  and   Meteorite  Collections. 

Twenty-nine  ciiemical  elements  have  heen  found  in  meteor- 
ite>  in  (juantities  sufhcient  for  accurate  study. 

The  author  reviews  the  conventional  ideas  of  the  oriji^in  of 
meteorites,  hut  wisely  comes  to  no  definite  conclusion. 

The  i^reat  collection^  of  meteorites  in  Europe  and  America 
are  located  and  eacli  i^iven  a  sentence  or  two  of  (lcscri])tion. 
The  f)rincij)al  collections  in  the  Cnited  States  are  at  \'ale 
l/niversity,  Harvard  l/niversity.  Amherst  Collej^fc.  tlic  Ameri- 
can Museum  in  New  York,  the  National  AFuseum  in  Wash- 
in<.,non.  and  the  Field  Museum  in  Chicacro.  The  atithor  states 
that  the  Chica.j^^o  collection  is  "now  the  lar^'est  in  the  world. 
This  collection  was  inatis^urated  in  1894  at  the  time  of  the 
founding"   of    the    Field    ^ruseum    by   purchase   of    collections 
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from  George  F.  Kunz  and  \Vard*s  Establishment.  In  1912 
the  private  collection  of  Professor  Henry  A.  Ward,  number- 
ing over  600  falls  (and  finds),  was  added  to  the  collection, 
and  thus  the  most  representative  series  of  meteorites  in  the 
world  was  secured.'*  The  growth  of  American  collections  has 
been  remarkable.  It  is  hoped  that  they  will  be  made  the  sub- 
jects of  fruitful  study,  with  a  view  of  contributing  their  share 
in  solving  the  many  problems  of  meteors  and  meteorites  still 
before  us. 

W.  \V.  C.VMPBELL. 


GENERAL  NOTES. 

Mcctittii^  of  the  Astronomical  Society  of  the  Pacific  at  San 
Die^o. — The  Astronomical  Society  of  the  Pacific  will  hold  a 
meeting  at  San  Diego  in  .-Xugiist  in  conjunction  with  the  first 
meeting  of  the  Pacific  Division  of  the  American  .\ssociation 
for  the  Advancement  of  Science,  of  which  it  is  a  constituent 
member. 

The  oix^ning  session  of  the  Pacific  Division  .\.  .\.  .-\.  S.  will 
l)e  held  on  Wednesday.  August  9th.  at  which  time  the 
President.  Dr.  W.  W.  Campbell,  will  give  an  address  on  the 
subject  of  **What  We  Know  About  Comets."  Separate 
sessions  of  the  various  constituent  societies  will  Ix*  held  on  the 
two  following  days  and  on  Saturday,  if  necessary.  The  latter 
day,  however,  is  mainly  reserved  for  excursions.  .\  pamphlet 
giving  full  infonnation  regarding  the  meetings,  rates  of  trans- 
I)ortation.  hotel  rates,  etc.,  will  be  mailed  to  all  members  in  the 
Pacific  area  at  a  later  date. 

The  |)rogram  committee  for  the  astronomical  meetings, 
Messrs.  Aitken,  Leuschner  and  Seares.  request  that  memlxjrs 
planning  to  present  paj^ers  send  the  titles  to  the  committee  as 
soon  as  possible,  together  with  a  statement  of  time  nee<lcd  for 
presentation  and  whether  or  not  lantern  slides  will  Ik*  used. 
.\bstracts  of  pa|)ers  should  l)e  in  the  hands  of  the  committee 
early  in  July  and  certainly  not  later  than  July  2*>th.     .\uthors 
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are  urged  to  make  the  abstracts  intelligible  and  interesting  to 
non-professional  readers,  as  it  is  planned  to  print  many  of 
them  in  the  daily  press. 


The  Difference  of  Longitude  Beticecji  Paris  and  Washing- 
ton.— A  definitive  discussion  of  the  determination  of  the 
diflference  of  longitude  between  Paris  and  Washington  in 
1913-1914  by  means  of  radio-telegraphic  signals  exchanged 
between  Arlington,  Va.,  and  the  EiflFel  Tower,  Paris,  has  been 
completed  by  M.  Renan,  of  the  Paris  Observatory  staff,  and 
the  results  are  communicated  by  the  director,  M.  Baillaud.  in 
the  Comptes  Rendus,  for  February  14,  1916. 

In  the  first  perio<l  of  observation,  beginning  October  27, 
1913,  and  extending  to  the  end  of  December,  complete 
observations  at  both  stations,  with  successful  exchange  of 
signals,   were   secured    on    seven    nijsfhts.      On    fourteen    other 

ni<;ius  sij^nals  were  exchaiii^ed.  tlio  time  observations  faile^l 
to  l)e  secured  at  one  or  tlie  other  station.  Tlie^c  arc  called 
ine< >ni])lete  ohscrwitions. 

In  the  second  ])eri()(l,  hci^innini^'-  January  21.  I'n4,  and  c\- 
tendini^'  to  early  March,  complete  observations  were  secured 
on  ten  ni.L,^lUs,  incomplete  on  twenty  nii^hts.  lietween  the  two 
series  the  obser\-er>  exchanj^ed  stations.  It  was  found  that 
tlie  chronometers  were  so  accurately  rated  that  the  inc<»mi)lete 
observations  could  be  used  as  well  as  the  complete  one<.  '['be 
final  results  are  : 

lOK     in  I.   (  <»\|  IM.KI  i:    SKklKS. 

First  period 5''   17"^  36^62 

Si-contl   period  .        5     17     36  .84 

Weighted   mean    .  5     17     36  .74 

II  )K    ALL     in  F.    SKKIF.S. 

V'\rs{  period 5'i   17'"  36^62 

Secoiul   [)eriod      .        .        .        .       5     17     36  .84 
Weighted   mean    .  5     17      36.76 
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The  last  result  is  adopted,  and  siibstracting  from  it  0.*09 
to  rcMluce  to  the  fundamental  meridians  of  the  two  observa- 
tions, we  have  for  the  difference  of  longitude 

5h  i;*"  36*67 

A  preliminary  discussion  by  the  American  observers  gave 
the  value  5^  l/""  36"/)6,  and,  like  the  figures  here  given, 
showed  a  difference  of  0*.22  l^etween  the  results  for  the  two 
IK'riods.  In  view  of  the  difficulties  attending  the  transmission 
of  signals  this  is  not  considered  excessive. 

The  date  in  the  .\merican  Kphemeris  for  1916,  based  on 
earlier  determinations  by  other  methods  give  3^  17™  36*. 71  for 
the  ilifference  in  longitude. 


FVom  the  report  of  the  annual  meeting  of  the  National 
Academy  of  Sciences,  printed  in  Scicttcc  for  May  3,  1^16,  we 
lake  the  following: 

KKFtiRT    OF    THK    COMMITTKK    ON     THK    HKNRY     UKATICR    Fl  NI». 

Four  mciiilKTs  of  the  comniittoe.  without  consulting  the  fifth  mem- 
\ycT  (Professor  Michelson),  recommended  that  the  Henry  Draper  Gold 
Medal  he  awarded  to  Professor  A.  A.  Michelson.  of  the  University  of 
Chicago,  for  his  numerous  and  important  contributions  to  spectroscopy 
and  astronomical  physics. 

It  is  impossible  in  the  brief  space  of  this  report  even  to  enumerate 
Profosor  Michelson's  major  services  to  science.  These  include  the 
precise  determination  of  the  velocity  of  light ;  the  well-known  experi- 
ment (with  Professor  Morley)  on  ether  drift;  the  measurement  of  the 
absolute  wave-length  of  light  involved  in  his  determination  of  the 
length  of  the  standard  meter;  the  measurement  of  tides  in  the  l)ody  of 
the  F'Uirth  with  new  apparatus  of  extraordinary  precision;  and  the  in- 
vention of  the  interferometer,  the  echelon,  and  other  instruments  of 
prime  importance  to  the  student  of  light.  He  has  also  constructed  a 
ruling  machine  yielding  diffraction  gratings  of  the  longest  size  and  the 
highest  resolving  power  yet  attained,  and  carried  on  a  multiplicity  of 
researches  of  wide  range  and  fundamental  significance. 

The  same  rei)ort  shows  that  grants  have  been  made  to 
astronomers  from  tnist  funds  held  by  the  Academy  as  follows : 

From  the  Draper  Fund,  $230  to  Professor  f^hilip  Fox, 
Dearborn  Observatory,  to  apply  toward  the  cost  of  a  machine 
for  measuring  astronomical  photographs. 
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From  the  Watson  Fund,  $500  to  Professor  John  A.  Miller, 
Sproul  Observatory,  for  the  measurement  of  stellar  parallax 
plates  already  taken ;  and  $300  to  Professor  H.  C.  Wilson, 
Goodsell  Observatory,  for  the  measurement  of  positions  of 
asteroids  on  plates  already  taken. 

From  the  J.  Lawrence  Smith  Fund,  $300  to  Professor  S.  A. 
Mitchell,  Leander  McCormick  Observatory,  to  continue  the 
work  on  paths  and  radiants  of  meteors. 


In  his  report  of  the  Harvard  College  Observatory  for  the 
year  ending  September  30,  1915,  recently  distributed,  Director 
E.  C.  Pickering  calls  special  attention  to  the  generous  support 
given  to  the  Observatory  for  nearly  thirty  years  by  the  late 
Mrs.  Anna  Palmer  Draper.  By  her  will,  Mrs.  Draper  placed 
the  Henry  Draper  Memorial  of  the  Observatory  upon  a  per- 
manent  foundation. 

Among  other  items  of  interest  in  the  report  we  note  speci- 
ally the  fact  that  Miss  Cannon  has  completed  the  first  ste])  in 
the  formation  of  the  Xcw  Drafter  Cataloi^ — the  classification 
of  the  spectra.  In  all,  233.030  spectra,  including  stars  to 
about  V>.0  mairnitude  in  the  entire  skv,  have  been  classified. 


A  note  in  Popuhir  .  Isfrononiy  states  that  the  \'an  \'leck 
( )bservatory  of  the  Wesleyan  I'niversity,  Middletown.  Conn., 
is  now  practically  comj)leted.  Professor  Frederick  Slocum  i< 
the  <li rector. 


Dr.  l-'rank  Scble>ini;cr.  director  of  the  AlleCiheny  (  )bserva- 
tor\',  was  elected  to  nieinbersliii)  in  the  National  .\cademy  of 
Sciences,  and  Dr.  I'orest  Ray  Moulton,  j)rofessor  of  astronomy 
in  the  I'niversitv  of  Chicai^^o,  to  membership  in  the  .\nierican 
riiilosophical   vSociety,  at  the  recent  annual  meetings. 
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Dr.  William  Frederick  King,  chief  astronomer  of  the 
Canadian  Government,  superintendent  of  the  Geodetic  Survey 
of  Canada,  and  director  of  the  Dominion  Astronomical 
Observatory'  at  Ottawa,  died  on  April  23rd,  at  the  age  of 
sixty-two  years. — Science. 


In  the  Days  of  the  Duiiucrrotype  (Occasion — the  taking  of 
a  portrait  in  Merida,  Yucatan,  in  the  year  1842.  by  the  ex- 
plorers Stephens  and  Catherwood). 

*****  The  plate  was  now  cleaned,  put  into  the  box,  and 
the  light  shut  off.  Now  came  a  trying  time  for  the  young 
lady.  She  must  neither  open  her  lips  nor  roll  her  eyes  for 
one  minute  and  thirty  seconds  by  the  watch.  This  eternity 
at  length  ended,  and  the  plate  was  taken  out. 

**So  far  our  course  had  been  before  the  wind.  Every  new 
foniiality  had  but  increased  our  imjx^rtance  in  the  eyes  of  our 
fair  visitors  and  their  respectable  companions.  Mr.  Cather- 
wood retired  to  the  adjoining  room  to  put  the  plate  in  the 
mercury  bath,  while  we,  not  knowing  what  the  result  might 
be.  a  little  fearful,  and  neither  wishing  to  rob  another  of  the 
honour  he  might  justly  be  entitled  to,  nor  to  be  dragged  down 
by  another's  failure,  thought  best  to  have  it  distinctly  under- 
stood that  Mr.  Catherwood  was  the  mccstro,  and  that  we  were 
merely  amateurs.  At  the  same  time,  on  Mr.  Catherwood's 
account,  I  took  occasion  to  suggest  that  the  process  was  so 
complicated,  and  its  success  depended  uj)on  such  a  variety  of 
minute  circumstances,  it  seemed  really  wonderful  that  it  ever 
turned  out  well.  The  plate  might  not  be  gcxxl,  or  not  well 
cleaned ;  or  the  chemicals  might  not  be  of  the  best :  or  the 
plate  might  be  left  too  long  in  the  iodine  box,  or  taken  out 
too  soon ;  or  left  too  long  in  the  bromine  box,  or  taken  out 
too  soon ;  or  a  ray  of  light  might  strike  it  on  putting  it  into 
the  camera  or  taking  it  out ;  or  it  might  be  left  too  long  in 
the  camera  or  taken  out  too  soon ;  or  too  long  in  the  mercury 
bath  or  taken  out  too  soon;  and  even  though  all  these 
processes  were  right  and  regular,  there  might  be  some  other 
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fault  of  omission  or  commission  which  we  were  not  aware  of ; 
besides  which,  climate  and  atmosphere  had  great  influence 
and  might  render  all  of  no  avail.  *  *  *  The  result,  however, 
was  enough  to  induce  us  never  again  to  adopt  prudential 
measures,  for  the  young  lady's  image  was  stamped  upon  the 
plate,  and  made  a  picture  which  enchanted  her  and  satisfied 
the  critical  judgment  of  her  friends  and  admirers/' 
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OKKllKKS  OK  TIIK   SIXIETY 

S.   |i    TuOKUi  - PrttitM 

C.  S    IvlHIIr.  Pirn  Vitt'Prtt'dtml 

H.  II.  Cuatn  .  Stt<nt  VUtPrindrnt 

A.   It.    H»K>»T  ...Thui  yier-frtn-Uml 

B*»r4  ,1  rhr^u.i-O.L  l'.i.riLHAti»  W  W.  Ctunoj.,  P.  V.  CoiiritH, 
Wm.  II  Ckxui.  II  II  Cuiiit.  C  !>  tinnino.  U.  L.  lIonaaoB.  A.  O. 
Umiikx.  \    II     Uunwui,  II    S    KirUAiniR.  S    ll.  Tawaur. 

r-H»«rM«  Cix-MWc-IL  <;.  AitUJ^  H.  K.  CLttit.  11.  RnAFt-n. 

Littr,  C'M-dh^  D.  S.  Kicatmoii/r  V.  Cuimin.  F.  E-  Biimco 

ArkI*  VIII  «4  lb*    Br  !"»  »<   <^   SucKir.  (•  ■Mm<lr>)   in    19»J.   rcwU  *> 

fi>ik>*>  fMli  K-i..  "iTnilwr  ilull  |wy.  ■•  (nniul  Jom.  lh»  luni  o(  «»»  >lon*t>. 

■tu  .M   -'  -     -    ■         I   '-..iiirT  rth  If  I   >n  ailnnn.     Wl«n  ■  hw  nwiBlur  i> 

ikrir.i     '  .  rrr  at  anr  re*''  he  ■^•■1  VI  '"ll  dun  lor  lucb  jnt: 

_krn   I  ir.l  uuirtrr.  Ik  tk*i1  Mt  thtrr  leutlln  onlr  of  HKh 

.iDf.  '.    iliird  MiufKi.  he  ikati  !>■:>  oi»  bait  mXj  o1  rarh 

ijao.     '  "    lift  uatlc.  kf  (hill  pii  a»  (oorlli  anij  uf  ■iKh 

i|«r«.  .  :i  'itic  hall  unlr  •>'  Ihr  itun  Id  Ihi*  iiklr  provid*!!  (w 
■fclU  )■•   oiinir-i    ''»!»    afi;   mtHlbo  wtan  »  ■cliullji  inralkd   »  «  aliulent   M   ■ 

qnitTtut).  i;iiiiiui>.  liith   mIiudI.  i>i  otliFt   iimlUi   Inirllntkin  nl  iHtninf,  ilurina 

lion  hjr  llw  pariBrnl  o(  ISI17  dulUi*  u  aor  oii*  t'nw.  and  plainl  nn  llu  roll  nf  Ufa 
■HWbrn  br  ih*  TMr  nl  lh»  Board  o(  IMtrcum 

hand  M  (uAcirnl,  on  lb*  natmcnt  nf  Iwa  dullan  ncr  •uloinc  (u  rilllrr  of  the  Skt*- 
Urka.      Sinair  cupif*  -•ll  »  toppllnl  on  Ibt   Mluoin*  hiaii:  ■■•<■  dollar  in  ann- 

Uoiiliri*  wlihin  ihr  t'niled  SlatM  war  obtain  honki  Irani  >bf  Hhntj  of  ibr 
!iacu1]>  br  wmlini  lu  ibc  SccrrUrr  Ira  nnb  |>u<uac  for  eacli  bauk  duiraL 

Tbt  o>il»  III  abkh  Mt*r>  art  luiolcd  in  Ihf  faMuaruni  n  dtcid*>l  Untdr  br 
eiia*(nwnn.  In  ■nwial.  tbuta  iiaticii  arc  printnl  Hru  ahkll  are  earllm  uc«4td 
Iw  pHtJHanon.  Taiwn  inlrnditl  In  br  pnniH  In  a  (inn  nuoilwr  of  Ibr  PuMica- 
rxni  (kooU  h>  in  Ibr  bamli  of  ihi  Conmlim  nui  laici  thaa  Ibe  201b  el  ibc  mosih 
fiavmliM  Ibr  mnurb  nf  pohlir^tiaa.  Tbe  rrvpanaihiljlr  fo*  tbr  rifwa  fxtirawal  in 
Ibv  Miirrt  imnlrJ.  and  tvf  Itia  Iofm  of  cbeir  eK|ir««aiun.  r«*L«  «ltb  tH  vrllfn. 
and  H  no  aHumnl  hi  At  Socialr-  Anicln  for  lb>  /■■NxdIVKt  abmild  hf  ml  Is 
ilw  fbalman  u(  thf  (.'onninm  on  Publlnitnn.  K  i;  ,Mib*n.  Ucb  UbHrniarr. 
lit.   ItaDdloB.  ralirnmU. 

Ktpnnii  of  iri>cl»  apprannf  In  ibr  /'aMirtfruKf  atll  br  luiiinheil  ai  Ike  follow 

K)  cofnn.  ■llbMil  «tcr* I2.M         M.IM         >5Ja         (Mta 

M  n|iw>.  wilh  ronn «,!»  tm  7.JII  »,«) 

K(«ub(  Benlop  ol  ihr  SocMt  are  bikl  in  San  Franti»  or  lictniiv  on  tbc 
laM  Salvrdaro  ol  Jatioar*.  Marcb.  /an*,  and  Kovrntwi,  an.1  a*  iki  l.tck  Olmnttatr 
on  Ibf  la«  Mlu'iUf  of  Amcuu  MtmNn*  -hu  pra|wr  In  aHcnd  a  mtmnt  al 
Monnl   ilamiltuii  (biHiM  nmimaniaK   -iib  ibr  »>>^«a'r  Tftwuicr,   in  oeiltr  Ihal 

rrnuartoNs-  issino  biuonthly 

IFtbrumry,  jlfnl.  Jut.  Amtmji.  OrUbar   Diirmltrr.} 
Pnbliibnl  bf  ih«  AMiotioiHkal  Socirtj  of  iba  tV-iMr  al  TM   Pl.rlan    lluiMini, 
Suf  KriiKiani.  CallfonUa      Subwripnon  fn^iee.  tS.OO  nrr  nar 


r  /v  -  ;-,  t 
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JOHN  WINTHROP  (1714-1779). 

AMERICA'S  FIRST  ASTRONOMER,  AND  THE 

SCIENCE  OF  HIS  PERIOD. 

By  Frederick  E.  Brasch. 

To  many  of  the  present  generation  of  astronomers,  the  his- 
tory of  science,  and  more  particularly  the  history  of  astronomy 
in  this  country  before  1840  (the  year  in  which  the  American 
Association  for  the  Advancement  of  Science  was  organized), 
possesses  something  of  the  spirit  of  the  early  renaissance  of 
Europe.  In  all  probability,  their  historical  perspective  is 
bounded  by  the  year  1846,  in  which  Harvard  College  Observa- 
tory was  founded. 

If  one  reviews  the  records  of  the  past  closely,  there  is  no 
need  to  wonder  that  our  knowledge  is  deficient  in  this  respect, 
for  the  study  of  the  history  of  scientific  thought  during  the 
colonial  period  has  practically  been  neglected.  However,  there 
are  several  very  excellent  treatises  upon  the  individual  sciences ; 
namely,  E.  P.  Merrill,  History  of  American  Cieology* ;  Dr.  E. 
F.  Smith,  Chemistry  in  America' ;  Dr.  Florian  (Tajori,  History 
of  the  Teaching  of  Mathematics  in  the  United  States*.  In  the 
histor>'  of  astronomy,  several  astronomical  writers*  have  made 
brief  references  to  the  colonial  perio<l.  For  a  comprehensive 
survey  of  the  whole  field  of  American  science  George  Brown 
Cnxxle*  (1851-1896)  is  practically  our  first  historian  of  science 
in  this  country. 

>  SmitliMmUn  Report.   1904.     V.  S.  Mu*. 

•  "Chcmwlry  in   Amcric*,**  Appleton.    1914. 
■  Bureau  of   Education.  Washington.    1890. 

*  Safford.   Newcomb,   H olden.   Young  and   See. 

•"History  of  Science  in  .America."  Nat.  Mu«.  Report.  1897.  Pt.  II.  Waali- 
iofton.     1901. 
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While  it  is  true  that  the  period  of  early  settlement  of  com- 
munity life  had  not  the  spirit,  resources,  and  inclination  for 
investigations  in  the  phenomena  of  nature,  yet  the  history  of 
that  most  critical  and  interesting  period  of  colonization  con- 
tains many  records  of  the  attempts  to  advance  science,  espe- 
cially astronomy.  In  one  form  or  other  astronomy  seems  to 
have  been  the  favorite  subject  of  abstract  and  practical  think- 
ing in  the  Colonies,  primarily  for  the  vain  art  of  astrology  and 
for  almanac  construction.  There  are  evidences  also  that  the 
"learned  ministry"  were  assiduously  engaged  in  computing 
eclipses,  and  in  observing  other  celestial  phenomena.  In  one 
most  curious  record®  we  find  a  Rev.  Samuel  Danford  of  Rox- 
bury,  New  England,  who  published  in  1665  "Astronomical 
Description  of  the  Comet  of  1664,"  with  brief  theological  appli- 
cations, and  in  the  church  records  he  has  left  various  memo- 
randa such  as  the  following:  "Anno  1652,  9th  day,  10th 
month.  There  appeared  a  comet  in  ye  heaven  in  Orion,  which 
continued  its  course  tow*^  or  zenith  f^  space  of  a  fortnight, 
vis  till  Mr.  Cotton's  death." 

A  <:^ood  introduction  to  the  spirit  and  pro^^ress  in  that  3.ge 
may  be  obtained  by  studying;'  it  in  terms  of  the  parallel  period 
in  Europe.  Colonial  seience  was  born  of  European  thou.i^rln 
and  nursed  by  bji.^iish  sebolars,  due  to  the  faet  that  the  colon- 
ists carried  over  with  them  the  sciences  and  culture  of  the  «)1<1 
world. 

AAdien  Harvard  Collci^e  was  founded  in  1636,  making'  Boston 
the  earliest  colonial  intellectual  center,  the  first  century  since 
the  publication  of  the  '*l)e  revolutionbus  orbium  celestium"  b\- 
CojuM-nicus.  had  not  j)assed  :  Kepler  had  announced  his  three 
laws  of  celestial  mechanics;  Calileo  had  made  his  discoveries; 
but  Xewton  was  not  born,  and  tlie  (jreenwich  and  Paris  ob- 
servatories bad  not  come  into  existence,  nor  bad  the  i^^reat 
academies  of  sciences  in  luii^land,  Erance,  and  Italy  been 
incorporated. 

In  tbe  American  colonies,  tbe  intellectual  life — and  its  con- 
tribution to  the  value  and  realism  of  scientific  thought — wa> 
still  firmly  iu\-olved  in  tbe  romantic  and  historical  traditions  of 
the  land.     Tbe  pre-colonial  or  juiritanic  e|)Och  was  clothed  in 

""Mcini.rial    History    uf    r.oston."      4.    490. 
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the  spirit  of  mysticism  and  the  superstition  of  Europe,  and  not 
until  the  early  18th  century  do  we  find  any  marked  advance 
towards  empirical  reasoning  in  scientific  knowledge. 

Science,  however,  did  not  rest  long  under  the  yoke  of  the 
theological  speculations  of  that  epoch,  for  it  soon  appeared  as 
an  integral  part  of  the  growing  life  of  progress.  This  more 
progressive  and  liberal  attitude  toward  the  problems  of  science 
had  its  fomiation,  not  so  much  in  the  opposition  of  the  old 
puritanic  theology,  as  in  the  development  of  the  economic  life 
of  the  growing  communities.  The  westward  movement,  the 
economic  expansion,  and  the  cultivation  of  the  arts  and  sciences 
had  a  correlated  interdependence  as  well  as  a  parallel  history 
in  their  development. 

Naturally  the  first  impulse  of  the  growth  of  this  character 
was  felt  in  the  local  centers  of  learning.  Therefore,  Harvard 
College,  founded  as  an  institution  for  the  Christian  ministry, 
again,  after  a  hundred  years  of  struggle,  began  to  take  on  fresh 
life :  introduced  new  and  more  extended  courses  in  science,  and 
vitalized  her  methods  of  instruction.  During  this  second  period 
— beginning  with  1736 — the  critical  point  in  the  history  of 
science  teaching  was  reached.  All  instruction  in  Latin,  Greek, 
logic,  metaphysics,  mathematics,  and  natural  philosophy  was 
divided  into  groups,  commonly  known  today  as  departments, 
and  for  the  first  time  the  last  two  groups  were  established  as 
a  separate  and  endowed  professorship.  This  innovation  in 
science  instruction  was  liberally  endowed  by  an  English  mer- 
chant-banker, Thomas  Hollis,  and  was  known  as  the  Hollis 
Professorship  of  Mathematics  and  Natural  Philosophy.  The 
first  occupant  of  this  chair  failed,  and  John  Winthrop  was 
appointed. 

John  Winthrop  was  born  in  Boston,  December  19,  1714,  of 
the  fourth  generation  of  the  long  line  of  Winthrops  honored 
in  history.  Several  of  the  Winthrops  of  colonial  times  were 
patrons  of  the  sciences,  but  none  employed  such  high  talent 
so  exclusively  in  this  field  of  activity,  nor  attained  so  great 
esteem,  as  did  the  subject  of  this  sketch.  At  present  little  is 
known  of  his  early  life,  except  that  during  his  college  career 
( 1728-32)  he  was  recognized  as  an  exceptionally  brilliant 
student.     He   immediately   developed   a   great   fondness   for 
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mathematics  and  astronomy,  whicH  later  became  his  life  work. 
Winthrop  at  the  age  of  eighteen  years  was  graduated  from 
Harvard  College  in  1732  at  the  head  of  his  class.  For  the 
next  six  years  little  seems  to  be  known  of  him,  and  not  until 
1738, — when  a  vacancy  was  created  in  the  Hollis  Professor- 
ship of  Mathematics  and  Natural  Philosophy, — do  we  find 
our  young  scholar  before  the  committee  from  the  overseers 
of  the  college  to  be  examined  upon  his  proficiency  in  mathe- 
matics. Another  committee  was  to  examine  Winthrop  for 
any  possible  contamination  of  heresy  and  the  status  of  his 
liberal  ideas,  which  it  was  feared  might  prove  too  dangerous 
for  Harvard  at  that  period.  However,  this  action  was  finally 
voted  down.  According  to  the  custom  of  the  day,  his  election 
was  approved,  and  at  the  age  of  twenty-four  years  he  was 
formally  inaugurated  and  launched  upon  a  successful  career, 
extending  over  more  than  forty  years  of  continuous  service  to 
his  alma  mater.  He  entered  upon  his  work  with  zeal  and 
activity,  and  with  the  fullest  understanding  of  the  large  task 
before  him. 

As  has  been  pointed  out,  the  science  of  the  colonial  period 
was  transplanted  Enj^lish  science  or  thoui^ht,  larj^ely  due  to 
the  fact  that  Kn<^lish  methods  and  books  of  instruction  pre- 
vailed ;  and  also,  the  Royal  Society  acted  as  an  authority  and 
sj)onsor  of  the  colonial  scholarly  attainments.  But  it  will  be 
shown  that  the  work  and  influence  of  John  Winthro])  estab- 
lished for  the  first  time  America's  independence  in  scientific 
development,  and  also  i^ave  to  Harvard  CollcjC^e  her  early 
prominence  in  scientific  investiii^ations.  Thus,  not  alone  did 
he  lay  the  foundation  of  Harvard's  supremacy  in  science,  but 
earned  the  rank  of  America's  first  astronomer  and  scientist, 
thereby  i::ivini^'-  to  his  name  a  larger  place  in  the  history  of 
American  science. 

\\'inthroj)*s  influence  was  pnjbahly  greater  than  that  of  anv 
other  man  of  culture  thruout  the  Colonies.  Hoth  Franklin 
and  Count  Rum  ford  owe  nuich  to  him.  The  Royal  Society 
early  recognized  hi^  worth,  as  did  also  the  astronomers-royal, 
liliss  and  Maskelyne.  There  seems  to  be  no  record  of  any 
description  showing  whether  he  was  in  correspondence  with 
his  co-worker  in  a  common  field.  David  Rittenhouse  of  Phila- 
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delphia,  his  junior  contemporary,  altho  both  were  elected 
members  to  the  American  Philosophical  Society  in  the  same 
year  and  were  mutual  friends  of  Benjamin  Franklin. 

Winthrop's  European  contemporaries  were  Newton  (1727), 
Halley  (1742).  Jean  Baily  (1793).  Delambre  (1822).  and 
I^  Place.  Lavoisier,  Herschel,  Kant,  and  Leibniz.  These 
later  men  were  at  the  zenith  of  their  powers.  The  new 
astronomy  was  just  being  developed.  At  this  period  Herschel 
was  engaged  upon  his  famous  study  of  nebulae  and  double- 
stars.  Kant  and  La  Place  in  the  study  of  cosmogony. — the 
origin  of  the  solar  system.  All  these  discoveries  were  as  yet 
unknown  to  VV^inthrop. 

Few  men  have  been  so  catholic  in  their  taste  as  VVinthrop, 
so  far  at  least  as  astronomy  is  concerned.  He  was  an  excellent 
mathematician,  astronomer,  meteorologist  and  something  of  a 
geologist,  equally  learned  and  original.  In  the  fullest  sense  of 
the  term,  indeed,  he  was  a  natural  philosopher. 

While  VVinthrop  was  primarily  a  teacher,  yet  his  tempera- 
ment and  training  enabled  him  to  utilize  every  possible  oppor- 
tunity at  his  disposal  for  the  good  of  science  and  society.  Not 
only  was  he  regarded  as  the  greatest  mathematician^  of  his 
age  on  this  side  of  the  Atlantic,  but  he  was  also  equally  keen 
as  an  observer  of  natural  phenomena ;  accurate,  methodical, 
and  skillful.  The  demand  upon  his  time  as  a  writer  and  lec- 
turer during  his  early  career  was  heavy. 

The  documents  still  extant  are  evidence  conclusive  of  his 
simple  literary  style,  which  is  clear,  lucid,  accurate,  and  above 
all  attractive.  He  was  greatly  admired  by  his  students  and 
fellow  citizens  for  his  admirable  personal  qualities,  for  his 
calm  and  dignified  attitude  toward  his  work,  and  his  ideals 
for  service  to  the  community. 

Winthrop  was  stimulating  and  inspiring,  both  as  a  teacher 
and  lecturer.  Count  Rumford.  who  as  a  lad  of  seventeen  was 
a  .<itudent  under  him.  says:  **I  made  sufficient  progress  in 
Natural  Philosophy  under  that  excellent  and  happy  teacher.*'* 

Winthrop's  influence  upon  Rumford.  no  doubt,  had  much 
to  do  in  holding  the  affection  of  this  exiled  scholar  for  his 
native   country.      Count    Rumford's   success   enabled    him   to 

'  MaM.    Hilt.    Soc.   Collectiont.    1st   ftcr..    10,    159. 
•  Ellit,  "Life  and  Work  of  Count   Rumford,"  1.  7. 
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endow  a  professorship  in  science  at  Harvard  College  and  a 
research  fund  in  the  American  Academy  of  Arts  and  Sci- 
ences, as  a  token  of  his  regard  for  the  young  republic. 

The  requirements  and  duties  for  a  professor  at  Harvard 
at  that  period  left  little  time  for  Winthrop's  private  work. 
However,  he  did,  with  much  zeal,  perform  what  astronomic 
work  was  possible,  to  his  great  credit.  This  can  best  be 
understood  by  studying  his  results  in  the  following  refer- 
ences. The  modern  laboratory  was  not  known  then,  but  Win- 
throp  possessed  apparatus  which  will  illustrate  the  funda- 
mental facts  of  natural  philosophy  then  known.  "For 
Astronomy"®,  he  says,  "we  had  before  been  supplied  by  Mr. 
Hollis  with  telescopes  of  different  lengths,  one  of  24  feet; 
and  a  brass  quadrant  of  two  feet  radius,  carrying  a  tele- 
scope of  a  greater  length,  which  formerly  belonged  to  the 
celebrated  Dr.  Halley.  We  had  also  the  most  useful  instru- 
ment for  dialing;  and  for  surveying,  a  brass  semi-circle,  with 
plain  sights,  and  magnetic  needles.  Also  a  curious  telescope, 
with  a  complete  apparatus  for  taking  the  difference  of  level- 
ing. From  a  number  of  gentlemen  of  the  province  the  fol- 
lowing- additions  were  received:  a  fine  reflectin^c^  telescope  of 
ditterent  ma.G^nifyin.s:  powers,  and  adapted  to  different  obser- 
vations. Microscopes  of  the  several  sorts  now  in  use;  Hadlev 
(jiiadrant,  fitted  in  a  new  manner,  a  nice  variation  compass, 
and  dip|)inc:  needles  with  instruments  for  the  several  mag- 
netical  and  electrical  experiments, — all  new^  and  of  excellent 
workmanship, — and  all  destroyed  in  the  burnii^sf  of  Harvard 
Hall    in    1764." 

]^^-om  the  ruins  of  this  disastrous  fire  an  appeal  was  sent 
out  over  the  land,  which  in  time  completely  supplied  new  sets 
of  apj)aratus  and  instruments  for  experimental  philosophy. 
Besides  j)hilosophical  apparatus,  the  following-  instruments 
for  a'^tronoiuical  work  were  secured  almost  immediatelv: 
Glasses  f(^r  telescopes,  glol^es,  an  orrery,  Hadlev  quadrant,  a 
telescope  twenty-eight  feet  in  leng^th  of  the  Huyghens  type. 
and  a  retlecting  telescope  of  the  (iregorian  type.  Most  of 
these  instruments,  with  an  electrical  machine  given  by  Benja- 
min   Franklin''*    to    the    college,    are    still    to    be    seen    in    the 

'■'  Oiiincy,    "History    of    Harvard    I'nivcr^ity."    11,    482-3. 
'"  Cajori,    "History    of    Physics,"    note.    p.    127. 
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Jefferson  Physical  Laboratory  and  the  Observatory  of  Har- 
vard University. 

Winthrop's  first  authentic  astronomical  observation  was 
made  in  1739  on  spots  upon  the  surface  of  the  Sun.  There 
seems  to  be  no  printed  record  of  the  observation  of  these 
phenomena.  However,  a  manuscript  copy  is  treasured  in  the 
Harvard  College  Library.** 

We  now  come  to  Winthrop's  first  important  astronomic 
work,  which  began  with  the  observation  of  the  transit  of 
Mercury  in  1740  (April  27th).  This  may  be  taken  as  the 
first  real  evidence  of  efforts  to  promote  astronomical  science 
in  the  colony.     Rittenhouse  did  not  begin  his  work  until  1768. 

The  transit  of  Mercury  over  the  Sun  is  not  of  such  great 
astronomical  importance  as  that  of  Venus,  but  serves  as  a 
means  of  ascertaining  the  planet's  position,  by  which  its  orbit 
can  be  improved. 

Winthrop  had  accepted  as  his  authority  Halley's  (then  the 
leading  astronomer  of  Europe)  tables  and  ephemeris  of 
planetar)'  motion,  which  were  in  use.  He  was  advised  that 
the  former  part  of  this  transit  would  be  visible  in  his  horizon, 
and  therefore  resolved  to  observe  it  with  an  instrument  he 
already  possessed ;  namely,  the  24-foot  Huyghens  telescope. 

The  qualitative  results  are  probably  not  greatly  different 
from  our  present  knowledge  of  such  transits,  but  it  is  in  the 
methods  of  arriving  at  these  results  that  the  vast  improve- 
ments have  been  made.  Without  the  modern  clocks,  chrono- 
graphs and  electric  circuit  breaks, — also  finnly  mounted  tele- 
scopes with  all  the  accessories, — it  is  to  be  wondered  that 
Winthrop  accomplished  his  task  at  all.  There  is  something 
inspiring  in  the  spirit  and  zeal  with  which  such  pioneering 
work  is  sometimes  accomplished.  And  Winthrop,  with  his 
splendid  scientific  characteristics  and  thoro  knowledge  and 
understanding  of  the  theory  of  planetary  motion,  accomplished 
his  task  with  such  a  marked  degree  of  success,  that  his  work 
was  accepted  by  the  Royal  Society  of  London  and  published 
in  full  in  the  Transactions,  It  also  received  favorable  men- 
tion in  the  Memoirs  of  the  Royal  Academy  of  Science  at 
Paris.  Winthrop  was  thanked  by  the  Royal  Society  and 
asked    to    continue    his    communications,    which    immediately 

**  Prirate  letters  from  Librarian  W.  C.   Lane. 
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gave  him  high  rank  and  finally  led  to  his  election  as  a  fellow. 

About  this  time  our  young  astronomer  made  a  number  of 
minor  observations  upon  such  phenomena  as  lunar  eclipses, 
meteors,  and  the  determination  of  longitude,  which  was  a 
question  not  fully  settled  as  yet.  He  was  also  greatly  in- 
terested in  lightning  and  its  relation  to  electricity. 

In  treating  of  the  next  problem  of  interest  to  Winthrop, 
we  come  upon  a  subject  of  more  than  common  interest  to  us, 
an  untouched  field  at  this  period  of  colonial  progress,  for  it 
had  not  assumed  any  definite  scientific  status, — ^that  is,  the 
science  of  meteorology.  Boston,  the  metropolis  of  New  Eng- 
land, had  a  population  in  1740  of  something  more  than 
25,000  inhabitants,  with  a  surrounding  farming  country  fairly 
prosperous,  but  as  yet  not  depending  upon  accurate  fore- 
casting of  the  climatic  changes.  For  forecasting,  methods  of 
analysis  and  instruments  were  required.  The  latter  were 
rare  and  expensive.  Moreover,  the  value  and  function  of 
systematic  weather  prognostication  had  not  been  clearly 
understood,  either  for  economic  or  industrial  purposes. 

Winthrop  in  1742  began  his  series  of  meteorological  ob- 
servations, which  continued  upward  of  twenty  years.  It  is 
not  known  whether  he  haci  in  mind  the  true  function  and 
vahie  of  the  data  secured,  but  his  fidelity  to  a  certain  ideal- 
ism in  science  enabled  him  to  make  his  observations  with 
devotion.  His  early  observations,  1742-39,  were  more  or  less 
inaccurate,  due.  ik)  doubt,  to  faulty  exposure  and  the  im- 
perfections of  the  instruments  of  that  period ;  but  his  later 
series,    175^)-r)3,  were  c^f  more   value. 

The  following:'  is  a  description  of  the  thermometer  used 
by  Winthrop  in  the  first  series.  The  original  manuscript  is  in 
the  j)ossessi()n  of  the  American  Academy  of  Arts  and 
Sciences  :'- 

"My  thermometer  was  of  Mr.  Hawksbee's  make,  filled  with 
spirit  of  wine.  Ye  scale  is  divided  into  100  parts,  beginning 
from  a  certain  point  above  marked  0  and  ye  100th  deg-ree 
fal'v  just  above  ye  bulb  of  ye  thermometer.  Ye  freezing 
point  is  numl)ered  65"^.     Ye  divisions  are  upward  to  8°  above 

'^  kt-port  of  the  International  Meteorological  Congress.  Chicago.  1893.  Pt.  II, 
Washington,    1895. 
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zero.  Yc  observations  are  expressed  in  the  degrees  with  their 
decimal  parts. 

*'The  instrument  shows  the  highest  temperature  but  not  the 
lowest,  for  it  goes  into  the  bulb.  How  it  was  adjusted  in 
London  I  know  not.  but  it  appears  to  me  yt  ye  freezing  point 
is  marked  considerable  too  high,  for  having  plunged  ye  bulb 
into  a  vessel  of  snow  I  found  yt  ye  spirit  fell  down  to  76°. 5 
and  then  rested." 

In  1759  Winthrop  secured  a  Fahrenheit  thermometer, 
placing  it  on  the  north  side  of  the  house,  and.  fortunately, 
comparative  readings  were  made  between  the  two  ther- 
mometers, which  gave  an  opix>rtunity  for  comparing  one 
scale  with  the  other.  These  records  were  continued  by  him 
until  1763.  and  since  then  have  been  maintained  by  others 
with  more  or  less  completeness  to  our  present  day. 

The  year  1735  was  a  memorable  one  to  the  inhabitants  of 
\ew  England,  due  to  the  occurrence  of  an  earthquake  of 
some  severity.  The  study  of  this  phenomenon  called  forth 
Winthrop*s  best  endeavors  and  revealed  at  the  same  time  a 
large  and  broad-minded  scientist.  As  a  theorist,  he  probably 
was  more  modem  than  he  has  been  given  credit  for.  His 
observations,  deductions,  and  the  theory  he  advanced,  besides 
the  theological  implications,  were  given  in  two  lectures  in  the 
Harvard  Chapel  before  the  students  and  faculty.  These 
lectures  were  printed  at  the  general  desire  of  the  community, 
and  remain  as  perhaps  the  earliest  classic  of  American  scien- 
tific literature. 

The  whole  treatise  shows  an  exceptionally  comprehensive 
study.  It  is  also  a  curious  intermixture  of  analytical  chem- 
istr>'.  mineralogy,  geology,  and  astronomy.** 

Winthrop  is  often  called  our  first  seismologist.'*  He  was 
the  first  in  this  country  to  apply  true  inductive  methods  to 
observations  of  the  earth-movement,  and  to  advance  the 
theory  that  the  disturbances  of  the  earth-crust  were  in  the 
form  of  waves,  and  transmitted  a  pendulum-like  motion  to 
buildings  and  objects  on  the  surface.  He  was  the  first  to 
apply  computation  to  the  phenomena,  consequently  discover- 
ing the  analogy  between  seismic  motion  and  musical  vibra- 

**  Full  reprint  in  BuiUtin  of  Seismological  Society  of  America.  %,  26-42.    19K. 
'•"National  BioffraphiM.**   (Amencan).  T.  16S. 
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tions;  he  also  discovered  the  principle  that  the  quicker  the 
motion  the  shorter  the  wave  length  of  the  disturbance.  His 
ideas  on  the  nature  of  heat  were  new  to  the  science  of 
geology,  especially  relating  to  the  internal  actions  of  vol- 
canoes and  earth-movements. 

In  view  of  the  fact  that  his  period  lacked  trained  men  to 
observe  and  study  such  phenomena,  and  also  lacked  the  in- 
struments and  methods  for  recording  their  effects,  it  is  sur- 
prising that  his  deductions  were  so  complete  and  accurate. 

Winthrop's  theological  views,  liberally  interspersed  with  his 
scientific  observations,  were  not  unduly  incongnious  with  the 
general  spirit  of  science  or  scientific  belief.  While  he  may 
have  separated  the  idea  that  such  phenomena  of  nature  as 
earthquakes  were  not  the  direct  expression  of  the  wrath  of 
God,  he  did  not  completely  abandon  the  dualistic  doctrine 
held  so  tenaciously  by  the  puritan  inhabitants  of  old  New 
England.  This  was  one  of  the  objects  of  his  public  lectures, 
— primarily  to  alleviate  the  fears,  superstition,  and  ignorance 
concerning  the  significance  of  such  phenomena,  since  the 
credulous  puritans  were  not  yet  entirely  ready  for  purely 
scii'iUitic    explanations    of    natural    phenomena. 

W  inthro|)'s  next  pnl)]ic  work  was  two  lectures  upon  cnniets, 
and  in  particular  on  the  return  of  the  comet  (  1682  i  better 
known  as  Halley's  comet,  which  he  was  fortunate  to  uhserve, 
since  it  was  the  first  [predicted  return  of  a  comet.  This  lec- 
ture was  also  rea<l  in  the  Chapel  of  Harvard  Colle.c^e,  11th  of 
.\l)ril.  ]7?^K  as  |)art  of  the  rei^nlar  and  assicrncd  duty  of  the 
Mollis  professorshi]).  Winthrop  first  observed  this  comet  on 
.\l)ril  v^d,  after  it  had  passed  perihelion,  and,  like  similar 
celestial  phenomena,  had  caused  nnich  anxiety  and  sjKTula- 
tion  as  to  its  nieanin.q;. 

In  the  first  lecture  his  intrcKlnction  to  the  subject  of  comets 
is  descriptive,  showinc^  the  relation  and  differences  between 
comets,  fixed  stars  and  planets.  This  is  followed  bv  a  hi^torv 
n(  their  discovery  ^\■ith  various  theories  concerning"  their 
orii^dn  and  nature,  especially  durinf^  the  precedin^c^  two  hun- 
dred  years. 

His  own  ol)ser\'ations  and  theories  are.  however,  well 
worth  considerin.e:,  in  their  relation  to  astronomic  thoui^ht  and 
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its  bearing  upon  histor}\  Winthrop  has  revealed  himself  as 
a  mathematical  and  theoretical  astronomer,  but  he  has  also 
proved  his  ability  as  a  capable  and  practical  observer.  He 
computed  the  orbital  elements  of  one  of  the  comets  imder 
observation  during  this  periocl ;  and  his  work  upon  the 
geometrical  demonstrations,  suggested  by  Newton,  concern- 
ing the  ascent  of  the  tails  of  comets  received  laudable 
notices  from  the  Royal  Society.'''  This  paper,  the  original 
of  which  was  in  Latin,  entitled  **Cogitata  de  Cometis"*',  was 
comnumicated  to  the  Society  by  Dr.  Franklin  in  1766,  May 
Mb.  and  read  1767,  March  19th.  It  contains  five  problems, 
with  dejKndent  scholia  and  corollaries.  In  these  he  investi- 
gates the  limits  of  attraction  between  the  comets  and  the 
Sun,  and  the  laws  of  motion  and  direction  bv  which  an  elas- 
tic  fluid  or  vapor  arising  from  the  head  of  a  comet  would 
Ik*  governed.  He  also  deduces  the  masses  and  densities  of 
comets  from  the  observed  breadth  of  the  coma  in  the  side 
next  to  the  Sun.  In  this  method,  which  he  considers  as 
cntirelv  new  to  science,  he  infers  that  the  densitv  of  the  comet 
of  R/)5  was  to  the  density  of  the  Earth  as  330  to  1  ;  and  that 
of  the  comet  of  1682,  as  3  to  11 :  and  suggests  an  analogy  in 
this  resjX'ct,  between  comets  and  planets;  that  the  densities 
are  greater  in  proportion  to  their  nearness  to  the  Sun. 

His  explanation  of  the  curved  appearance  of  the  tails  of 
comets,  which  are  occasionallv  manifested,  contains  this  re- 
mark'' — '*that  as  no  incurvature  or  deviation  from  the  oppo- 
sition to  the  Sun  is  perceived,  but  what  may  arise  from  the 
progressive  motion  of  the  head  around  the  Sun,  it  appears 
probable  that  comets  do  not  revolve  on  their  axes.'* 

In  his  second  discourse  before  the  college  community  April 
18,  1739.  he  discussed  the  true  theory  of  comets  according  to 
the  work  of  Newton's  "Principia,"  and  also  according  to  the 
laws  fomiulated  by  Kepler,  with  the  predictions  of  Hallcy. 
Like  all  his  previous  papers  or  lectures,  Winthrop  shows  a 
profoundness  of  learning  and  authority.  This  is  further  evi- 
dent from  the  mathematical  computations  connected  with  the 

»•  Tranuctiont,   Royal   Society.   13.   405. 

»•  Tran»actiont,   Royal  Society,   (old  teriet).  57.   132. 

'^"Lecture*  on  Cornel*,'*  p.  XII.   Profc»»or  Winthrop. 
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solution  of  the  orbital  elements,  •  and  the  origin  of  periodic 
comets,  according  to  Halley. 

A  more  complete  analysis  of  this  colonial  astronomer's 
knowledge  of  comets  is  not  possible  here,  but  further  mention 
would  be  of  interest  and  importance  to  the  study  of  the  his- 
tory of  astronomy  in  America. 

As  will  be  noted,  Winthrop  had  no  stated  program  by 
which  to  observe  the  "nightly  heavens"  regularly,  as  the 
modern  astronomers  have.  He  had  no  problems  requiring 
long  and  continuous  use  of  instruments  and  calculation  for 
final  solution.  His  was,  essentially,  the  work  of  a  pioneer 
laboring  when  time  from  his  daily  task  would  permit.  Thus, 
again  we  find  him  in  1761  preparing,  with  foresight  and  dili- 
gence, plans  to  observe  two  events  of  great  astronomical 
importance  which  took  place  in  this  country — the  transits  of 
Venus,  in  1761  and  1769.  Winthrop's  keen  sense  of  appre- 
ciation of  the  value  of  such  opportunities  was  of  vital  signi- 
ficance in  America's  astronomical  history.  This  is  evident 
from  the  introduction  to  his  first  discourse^'  in  1769  on  the 
use  of  the  transit  of   Venus. 

The  first  astronomical  expedition  in  this  country  was  that 
in  which  Harvard  Collei^e  and  the  Province  of  Massa- 
chusetts j)artici|)ated.  That  Ilarv^ard  lia(i  a  scholar  so  well 
trained,  and  disj)osed  to  undertake  this  scientific  mission, 
sj)eaks  well  for  her  eminence  in  science  at  that  j)eriod.  The 
ultimate  success  of  this  work  dej)ended  uj)on  the  coo|)eration 
of  many  astronomers.  European  ohservatories,  Greenwich 
and  Paris,  sent  out  five  different  ohservin^  parties  to  America. 
In  Philadelphia,  the  American  Philosophical  Society  author- 
ized David  Rittenhouse  and  a  numher  of  prominent  c^entle- 
men   to   make   all    |)reparation   to   observe   this   transit   also. 

A  special  act  of  the  Massachusetts  j^overnment  j^^ranted  the 
use  of  the  IVovince  sloop  to  convey  Winthrop  and  two  as- 
sistants, with  instruments  loaned  by  the  Colleg"e,  to  St. 
John's,  Xe^\■foundland.  So,  provided  with  a  reflector  havinj^ 
two  wires,  vertical  and  horizontal,  and  a  clock,  and  all  ad- 
justments made,  Winthrop  says,  "we  waited  for  the  critical 
hour,   which  proved   favorable  to  our  wishes."     On    fune  6th 

'"  J  \v.i  Lectures  <in  tlie  Parallax  ami  Distance  of  the  Sun  as  dcducihle  from 
from   the    Transit   of   \'cnus,   etc.      March    1.    1769.   Holden   Chapel,   Harvard    CollcKe- 
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the  Sun  rose  at  St.  John's  at  4^  18"  with  ycnus  upon  its 
disk.  He  applied  himself  faithfully  in  observing  the  passage 
of  the  planet  over  the  Sun,  one  assistant  counting  at  the 
clock,  the  other  recording  the  time  and  the  observations  made 
by  Winthrop. 

Without  giving  full  details  of  the  time  of  contacts  and 
measurements  of  the  passage  of  Fcnus  across  the  Sun,  it  is 
sufficient  to  say  that  the  results  of  the  calculations  gave  the 
parallax  of  the  Sun  as  8".23.  This  value  is  apparently  not 
the  mean  value  of  the  parallax  as  it  was  derived  from  one 
set  of  observations  based  upon  Halley's  method ;  namely,  the 
**method  of  duration,'*  that  is,  observation  of  the  contacts, 
and  also  of  the  position  of  the  planet  on  the  Sun.  While 
Winthrop  observed  this  transit  very  thoroly  and  made  care- 
ful computations,  yet  his  instruments  and  methods  were 
naturally  not  such  as  to  give  results  to  be  compared  with 
those  of  Newcomb  and  others  from  the  transits  of  1878  and 
1882.  However,  he  later  gathered  all  available  observations, 
and  from  these  determinations  found  the  Sun's  parallax,  at 
its  mean  distance  from  the  Earth,  to  be  8".68,  which  is  com- 
parable with  the  present  accepted  value.  In  the  second  transit 
of  rettus  (June  3,  1769),  which  again  called  forth  important 
preparations  both  in  Europe  and  the  Colonies,  similar  obser- 
vations were  made  by  W^inthrop  in  Cambridge,  by  West  in 
Providence,  and  by  Rittenhouse  in  Philadelphia. 

The  astronomer-royal,  Dr.  Maskelyne.  had  urged  Winthrop 
to  plan  for  observations  in  the  Lake  Superior  region,  where 
both  the  beginning  and  end  were  visible.  But  to  his  gvesit 
disappointment,  his  health  would  not  permit  the  long  and 
rigorous  journey.  Consequently,  Winthrop  could  only  ob- 
serve the  first  two  contacts  of  this  transit  as  the  last  two 
occurred  at  sunset  (New  England  time).  Again  our  colonial 
astronomer  made  a  detailed  study  of  all  the  observations 
available,  both  of  this  transit  and  of  that  of  1761 ;  but  the 
results  exceeded  the  computed  values  of  parallax  given  by 
him  in  his  second  lecture. 

In  order  to  obtain  a  clearer  historical  interpretation  of  this 
scholar's  ideas  and  knowledge  of  the  problems  of  astronomy, 
and    those    involved    in    transit    observations,    the    following 
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extracts  of  his  first  and  second  lectures  upon  the  subject  are 
given  verbatim:  "A  transit  of  Venus  over  the  Sun  is  the 
most  uncommon  and  most  important  phenomenon  that  the 
whole  compass  of  astronomy  affords  us.  So  uncommon  is 
it,  that  it  can  never  happen  above  twice  in  any  century;  in 
others  but  once;  and  in  some  centuries  it  cannot  happen  at 
all.  And  the  importance  of  it  is  such  as  to  supply  us  with 
a  certain  and  complete  solution  of  a  very  curious  problem, 
which  is  inaccessible  in  any  other  way.  On  both  accounts  it 
well  deserves  a  very  particular  attention." 

"So  extremely  rare  are  these  phenomena,  and  in  fact  till 
that  which  was  observed  in  1761,  there  never  had  been  but 
one  seen  since  the  "creation," 

"This  was  in  December  of  the  year  1639,  and  it  was  seen 
by  two  persons  only:  Jeremiah  Horrock,  a  young  English 
astronomer  of  an  admirable  genius,  who  was  the  only  person 
that  predicted  it,  and  a  friend  of  his,  William  Crabtree.  And 
when  this  of  next  June  is  passed  the  present  race  of  mortals 
may  take  their  leave  of  these  transits,  for  there  is  not  the  least 
probability  that  anyone  who  sees  this  will  see  another," 

"On  acciunit  (if  tlieir  rarity  nhme  they  must  afford  an 
c.\r|ULsitc  fiiterlninnienl  to  an  astronomical  taste.  But  this  is 
not  all.  Tlicrc  is  another  circumstance  which  strongly  recom- 
mends them.  They  furnish  the  only  adequate  means  of 
.solving  a  most  difficult  problem, — that  of  determining  the 
true  distance  of  the  Sun  from  the  Earth.  This  has  always 
been  a  principal  object  of  astronomical  inquiry.  Without  this 
we  can  never  ascertain  the  true  dimensions  of  the  solar  sys- 
tem and  the  several  orbits  of  which  it  is  composed,  nor  assign 
the  niajrnituiles  and  densities  of  the  Sun,  the  planets,  and 
comets:  viiT  of  consequence  attain  a  just  idea  of  the  grandeur 
of  the   works  of  God.''      .      .      . 

"It  will  not  he  easy  to  k'vc  a  distinct  account  of  the  several 
stejis  in  the  method  of  apiilyinj;  tiie.se  phenomena  to  this 
])ur|H>se  without  the  use  of  diagrams,  which  are  not  siiitahle 
to  this  place.  I  shall,  notwithstanding,  endeavor  to  convey 
to  you  as  clear  an  i'lca  a,^  I  can  of  the  general  methods,  and 
in  order  to  ,1,)  it  I  shall  trace  things  from  their  first 
principles." 


i 
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The  remainder  of  the  lecture  is  given  up  to  a.  <}eKripttve 
account  of  Venus's  passage  over  the  Sun  and  methods  of 
observing,    also    the    theory    of    parallax    and    geometrical 

demonstrations. 

Winthrop  early  appreciated  the  function  of  exact  time, 
and  therefore  during  1763  he  communicated  with  Dr.  Bliss, 
then  astronomer- royal,  regarding  his  observations  of  the 
transit  of  Mercury  of  1743,  with  the  express  purpose  of 
determining  the  longitude  of  Cambridge  by  comparing  them 
with  the  European  results";  and  he  gives  it  as  his  opinion, 
that  the  longitude  might  thereby  be  determined  with  more 
exactness  than  by  any  observations  that  had  been  made  use  of 
for  that  purpose. 

Solar  eclipses  were  as  rare  celestial  phenomena  to  Win- 
throp as  to  most  others,  but  on  the  5th  of  August.  1766,  it  is 
recorded-"  that  he  observed  an  eclipse  of  the  Sun,  He  makes 
no  reference  to  the  nature  of  this  eclipse;  that  is,  whether  it 
was  partial,  annular,  or  total.  He  gives  only  the  time  of 
beginning  and  ending.  However,  from  other  historical  data, 
it  does  not  seem  to  have  been  a  total  eclipse,  for  the  first"  re- 
corded total  fcli|isi>  nf  ilie  Siiti  in  America  observcil  scien- 
tifically was  that  of  Jiiiif  Ui.  18(y..  \Vinthrop\  (.l)jcct  in 
observing  this  eclipse  '^eenis  In  have  been  to  delorniinc  the 
difference  of  time  between  Oeenwieli  and  Catnbri.i-e.  for 
tlic  same  ecli|>se  was  observed  hv  Dr.  Ma^^kelvtie.  astrotinnier- 
royal.  and  a  stii.ly  was  nia.le  nf  the  differences  -liown  In 
tlicsc  observations. 

That  \\'intliro|)  attempted  to  make  original  discoveries  in 
astrinioniy  as  early  as  his  period,  shows  tiiat  he  was  some- 
ihinfT  more  than  an  observer  workinjf  along  set  fonnulas  and 
plans.  We  find  thai  in  the  observation  for  the  transit  of 
Vciiux  m  ]"()1  he  "■viewed  the  Sun  with  great  atfeiilion  in  the 
reflector,  boili  on  tlie  ?tli  and  ("itb  of  June,  in  lioi^s  to  find  a 
satellite  of  Vcuns'-.  Init  in  vain."  There  were  several  spots 
then  on  the   Sun.  hut   none  that  be  saw  could  be  a   satellite. 
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Like  Rittenhouse.  he  also  observed  an  apparent  "duskish- 
ness'*  about  the  planet  Venus^*  at  the  point  of  the  first  in- 
ternal contact  during  a  transit,  but  as  the  planet  passed  over 
the  Sun  he  could  not  perceive  it  further. 

Besides  observing  these  principal  phenomena,  Winthrop 
occasionally  observed  the  occultations  of  Jupite/s  satellites, 
made  frequent  observations  on  the  Sun's  surface  for  spots, 
and  also  observed  lunar  eclipses,  meteors  and  comets. 

In  1769  Winthrop  published  an  account  in  the  Boston 
journals  of  the  observations  of  the  brilliant  comet  which 
appeared  on  September  1st.  The  remarkable  feature  of  this 
comet  was  the  length  of  its  tail,  which  he  measured  to  be 
45  degrees. 

.\gain  in  1770,  in  June,  a  remarkable  comet  appeared  and 
passed  its  perihelion  point  in  August.  This  comet  had  no 
tail  and  was  noted  for  its  swiftness,  for  it  described  in  one 
day  an  arc  of  more  than  40  degrees.  Winthrop  ascribed 
this  excessive  motion  to  the  fact  of  its  approach  to  the  Earth 
on  that  day  to  within  one-fiftieth  part  of  the  Earth's  distance 
from  the  Sun.'*  He  observed  this  comet  with  car^  and  the 
observations  enabled  him  to  calculate  its  orbital  elements. 

In  conclusion  it  may  be  well  to  note  that  he  made  a  num- 
ber of  observations  on  such  miscellaneous  phenomena  as 
lightning,  aberration  of  light  and  a  study  of  variation  of  the 
magnetic  needle.  In  the  study  of  lightning  he  cooperated 
with  Franklin  regarding  the  electrical  properties  and  the 
effect  such  properties  have  on  **iron  point,'*  the  tenn  given 
to  electrical  conductors  attached  to  buildings.  He  also  de- 
fended Franklin's  **iron  points"  against  the  attack  and  mis- 
understanding of  the  orthodox  clerg>%  who  asserted  that  they 
permitted  electricity  to  come  to  the  Earth  to  produce  earth- 
quakes.'* 

He  displayed  eloquence  as  a  sjieaker.  tact  and  dignity  in 
arguing  and  defending  scientific  tnith  against  the  theologists 
of  puritan  New  England,  who  were  ever  fearing  theism 
would  be  overturned.  His  brilliant  writings  are  an  excellent 
type    of    colonial    literature    and    should    be    preserved    as    a 

"  Trams.   Amer.    Phil.   Soc.   I.   2S. 

••Olivrr.   "Lecture   on  Comctt."   p.    XVI. 

"  White.  "A   Hittory  of  the  Warfare  of  Science  and  Theolofy.   1,   366. 
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precious   contribution    to   the    foundation    of   the    history   of 
American  science,  and  more  particularly  astronomy. 

While  it  is  true  that  neither  Winthrop  nor  Rittenhouse 
established  an  observatory  of  any  type,  or  laid  a  great  foun- 
dation for  an  astronomical  school,  or  made  extraordinary 
discoveries  and  advances  in  celestial  phenomena,  yet  what 
they  did  as  pioneers  with  the  highest  possible  motive,  was  to 
create  a  tradition  which  to  this  day  has  permeated  pure 
science;  namely,  in  giving  to  the  philosophy  of  science  an 
idealism  which  is  so  potent  a  factor  of  progress  in  our 
understanding  of  the  laws  of  Nature. 

The  Royal  Society  elected  him  a  Fellow  in  1765,  and  the 
American  Philosophical  Society  enrolled  him  as  a  member 
in  1768.  From  the  University  of  Edinburgh  in  1771  he  re- 
ceived the  honorary  LL.  D.  degree;  and  his  alma  mater 
conferred  upon  him  the  same  degree  in  1773, — the  first 
honorary  degree  of  Doctor  of  Laws  conferred  by  Harvard 
University. 

Winthrop  was  honored  as  no  man  of  his  period  had  been. 
He  was  easily  recognized  as  the  most  learned  and  capable 
of  men,  and  this  <^ave  him  power,  intluenco  and  anlhority  in 
the  conncil  witli  W  ashingt(jn,  Adams  and  those  who  aided 
in  the  shapinij;"  oi  the  Inttire  destiny  of  the  new  nation,  ilis 
love  of  hherty  and  independenee  stamped  him  uncjtiestional)!}' 
a>   a   loyal   citizen  of   the   new   republic. 

W  inthrop  was  married  twice,  and  one  of  his  five  sons, 
James,  attained  some  deg"ree  of  eminence  as  a  scholar  and 
scientist. 

In  Caml)rid^e  on  the  ^i\  of  May,  in  1779,  at  the  age  of 
()5  \ears.  John  Winthrop,  scholar,  scientist  and  astronomer, 
passed  away  in  the  fullness  of  his  fame;  and  he  lies  buried 
with  his  ancestors  in  the  ol<l  King's  Chai)el  btirying  ground, 
Boston. 

Slanfnid  l'iii\  cr^itv.  California. 
Alav.   1916. 
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OUTLINE  AND  SUMMARY  OF  A  STUDY  OF 

MAGNITUDES  IN  THE  GLOBULAR 

CLUSTER  MESSIER  13. 

By  Harlow  Shaplf.y. 

The  measurement  of  the  light  intensity  of  a  star  as  re- 
corded by  an  ordinary  photographic  plate  which  is  sensitive 
to  blue  light  and  by  one  especially  prepared  so  as  to  be  sensi- 
tive to  yellow  or  mean  visual  light  yields  at  once  an  indica- 
tion of  the  star's  color.  In  fact,  this  color-index,  which  is 
simply  the  difference  between  photographic  and  photovisual 
magnitude,  not  only  defines  the  color  of  a  star  but  g^ves  also 
the  sixrctral  type  as  soon  as  due  allowance  is  made  for  certain 
factors  (size  of  the  stars,  for  instance,  and  scattering  of 
light  in  space)  which  may  aflfect  color  without  having  a 
corresix)nding  influence  on  the  class  of  spectrum.  For  faint 
objects  in  crowded  regions,  such  as  the  individual  stars  in 
stellar  clusters,  the  color-index  method  is  the  best  available 
for  the  determination  of  spectral  type,  and  it  gives  at  the 
same  time  values  of  the  brightness  in  a  standard  magnitude 
system.  L'ntil  recently,  however,  even  this  method  could  not 
be  used  for  it  necessarily  depends  upon  accurate  scales  of 
magnitudes  for  the  faint  stars. 

The  importance  of  a  special  investigation  of  clusters  lies 
in  the  fact  that  each  globular  system  is  a  distinct  stellar  unit, 
and  any  light  tlirown  on  the  stnicture  or  development  of  such 
groups  must  reflect  on  the  structural  characteristics  of  the 
local  system  of  which  the  Sun  is  a  member.  One  great 
advantage  in  studying  stellar  problems  thru  the  agency  of 
clusters  is  that  their  distances  are  so  great  that  in  statistical 
work  all  the  stars  of  each  one  may  be  treated  as  at  the  same 
distance  from  the  Earth,  In  other  words,  the  distance  factor 
is  eliminated,  and  the  measured  apparent  magnitudes  differ 
only  by  a  constant  from  absolute  magnitudes.  Consequently, 
in  all  correlations  of  brightness  with  other  properties,  such 
as  distribution,  color,  and  light  variations,  we  are  dealing 
directly  with  physical  characteristics  of  the  stars. 

The  derivation  of  magnitudes  in  globular  clusters,  previous 
to  the  work  now  in  progfress  at  ^lount  Wilson,  has  been 
based  upon  more  or  less  uncertain  standards  and  has  made 
no  pretense   to  accuracy.      The   studies   of   clusters,   indeed, 
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have  chiefly  been  concerned  with  general  descriptive  work, 
the  measurement  of  positions,  the  observation  of  variables, 
and  theoretical  discussions  of  laws  of  stellar  distribution. 
The  investigation  at  Mount  Wilson  aims  mainly  at  the 
measurement  of  magnitudes  and  colors  and  the  discussion 
of  the  problems  arising  in  the  course  of  the  study. 

The  great  globular  cluster  in  Hercules,  Messier  13,  was 
placed  first  on  the  observing  list.  The  spectra  of  a  few  of  its 
stars  had  been  photographed  by  Pease,  and  Barnard  had 
observed  conspicuous  differences  in  color.  Two  catalogs 
of  the  positions  of  several  hundred  of  the  brightest  objects 
have  been  made  at  Potsdam,  and  a  number  of  investigations 
of  the  distribution  of  the  stars  are  on  record.  For  different 
parts  of  the  work  of  forming  a  catalog  of  magnitudes 
twelve  plates  were  secured  at  the  principal  focus  of  the  60- 
inch  reflector,  all  but  three  of  which  contain  exposures  on 
the  Polar  Standards  as  well  as  on  the  cluster.  The  magni- 
tude scales  and  zero  points  were  thus  transferred  directly  to 
the  cluster  from  the  North  Pole.  The  tabulated  magnitudes 
are  based  on  four  plates,  the  zero  points  are  checked  by 
four  otliers,  and  arlrlitional  photo^raj^hs  were  used  for  the 
study  of  the  variables  and  for  determining^  the  bric^htncss  of 
stars  too  faint  to  appear  on  the  standard  mapiitnde  plates. 
P>y  far  the  larq;est  part  of  such  work  in  Jij^lobular  clusters  is 
in  the  identification  and  measurement  of  the  stars.  In  de- 
rivinjLT  values  for  1300  stars  in  ^^essier  13  more  than  ten 
thousand  estimates  and  measures  .of  magnitude  were  neces- 
sary. The  detailed  account  will  appear  as  Xo.  l\()  of  the 
Contrihutions  from  the  Mount  Wilson  Solar  (  )bservatorv. 
The  remainder  of  the  ])resent  paper  is  devoted  to  a  .c:eneral 
suiumary  of  the   investii^^ation. 

1.  From  an  analysis  of  the  residuals  small  systematic 
errors  related  to  distance  correction,  asti.crmatism,  and  lenf^th 
of  exposure  are  found,  hut  none  is  important.  The  most 
serious  difficulty  involves  the  probable  influence  of  the 
Kherliard  efi'ect  in  and  near  the  center  of  the  cluster.  The 
relative  error  in  the  zero  points  of  the  two  mai^nitude  scales 
d(X'<  lint  exceed  a  few  hundredtlis  of  a  ma.c^nitude,  and  no 
apprecial)le    scale-diver<^euce    is    found. 
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2.  The  probable  error  of  an  average  color-index  is  about 
six  hundredths  of  a  magnitude.  This  does  not  entirely 
include  the  systematic  error  allied  to  the  color  excess  in  the 
center,  but  is  valid  for  distance  greater  than  2'.  From 
Table  I,  which  summarizes  a  study  of  the  errors,  we  find 
that  for  ninety-five  per  cent  of  the  magnitudes  used  in  the 
statistical  discussions  the  average  probable  error  is  less  than 
a  twentieth  of  a  magnitude. 

TABLE  I. 

PHOTOGRAPHIC  PHOTO-VISUAL 

Whole  Distance          Whole  Distance 

Cluster           >r             Cluster  >  2' 
Prol»ablc  error : 

One  plate ±0«».068  ±0«.057  ±0».046  ±0«.044 

Two  plates ±0   .048  ±0.041  ±0   .033  ±0   .031 

Corrected  for  systematic 
deviations : 

One  plate ±0   .061  ±0.044  ±0   .040  ±0   .035 

Two  plates ±0   .043  ±0.031  ±0   .029  ±0   .025 

3.  A  catalog  of  the  photographic  and  photo-visual  magni- 
tudes of  about  1300  stars  has  been  prepared.  Owing  to  the 
probable  presence  of  systematic  error  in  the  magnitudes  in 
the  denser  central  regions,  the  lists  published  in  Contribution 
No.  116  contain  only  about  650  stars;  publication  of  the  re- 
mainder awaits  further  investigation  of  suspected  errors. 
FVobably  not  more  than  18  of  the  magnitudes  refer  to  super- 
|)osed   non-cluster  stars. 

4.  Discarding  incomplete  or  doubtful  results.  104*)  magni- 
tudes and  color-indices  are  available  for  statistical  investiga- 
tion, of  which  493  are  outside  the  central  region.  The 
range  of  observed  photo-visual  magnitudes  is  from  11.9  to 
16.8;  but  all  of  the  stars  are  included  only  down  to  magni- 
tude 15.5. 

5.  Five  new  variable  stars  have  been  discovered,  making 
a  total  of  seven  in  the  cluster.  The  periods  are  probably 
short,  and  there  is  evidence  that  all  are  bluer  at  maximum 
than  at  minimum,  suggesting  the  Cepheid  type  of  variation. 
The  two  previously  known  variables  are  almost  certainly 
Cepheids. 

6.  The  values  of  the  color-index  in  the  cluster  range  from 
— 0.52  to  -(-1.96.  with  the  crreatest  frequency  about  -4-0.90. 
Excluding  the  zone  within  2'  of  the  center,  the  upper  limit 
is  4-1.45.  with  greatest   frequency  near  -|-0.70.     More  than 
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17  per  cent  of  the  values  are  negative  (outside  distance  2'), 
and  there  appears  to  be  no  reason  for  attributing  this  result 
to  error  of  any  kind.  The  frequency  of  the  colors  for  the 
whole  cluster  and  for  the  region  more  distant  from  the  center 
than  2'  is  shown  in  Table  II.  Color  class  may  be  taken  as 
closely  analogous  to  spectral  class.  Tabulated  quantities  are 
numbers  of  stars. 

TABLE  II. 

Color  Class 

bO    b5    aO    a5     fO     f5     gO      gS  kO    k5   mO  m5  All 

Region  to     to    to    to      to    to      to      to  to    to     to   to  Colors 

b5    aO    a5    fO     £5     gO     gS     kO  k5    mO  m5  m9 

All  of  cluster.. 22    91     83    71    99    223    243     114    45    33    15    5     1049 
Distance  >2'...  16    70    36    27    50     135     115      33      9      4       ..     .     495 

7.  The  size  and  distribution  of  the  color-indices  are  what 
might  be  expected  on  the  basis  of  no  selective  scattering  of 
light  in  space.  At  least  the  absorption  in  the  direction  of 
the  Hercules  cluster  must  be  less  than  -f-^-^^l  ^^^S-  ^or 
each  unit  of  distance  (tt^O'M).  The  values  derived  by 
Kapteyn,  Jones,  V^an  Rhyn,  and  some  others  are  impossible 
in  this  case,  even  with  the  most  favorable  assumptions  as  to 
lliu  <Hslancc  of  iho  clnslcr. 

S.  'I'Ik'  avei'a^c*  color  index  at  .greater  distances  fi'oni  the 
center  than  2'  is  —0.33.  cnrres])e)n(lini^  to  spectrum  F4. 
Toward  the  center  of  tlie  cluster  it  increases  t(^  at  lea^t  -|-1.3. 
and  no  nei^alive  xalue^  a])|)ear.  Tlie  increase  i>  ])resent  for 
all  magnitudes  and  i>  ])rol)al)ly  to  he  interpreted  as  a  s\"^- 
tematic  i)hoto^'raphic  error.  ])erha])s  the  Elx'rhard  effect.  If 
the  ])hen<>mennn  i^  real.  h<>\\e\er,  it  would  indicate  an 
ahsorpti<>n  within  the  cluster,  or  a  i)referential  concentration 
t»f   re(l   stars   in   that    rei^itiu. 

' '.  The  po^sihle  existence  <'f  "cluster  ahsorption"  >Ui.;'^"ests 
that  h'r  lower  L;alactic  latitudes  there  mav  he  a  measural)le 
auKiunt  ()[  >pace  ahsi  ir])ii(  in  :  ol)vervations  are  heiui;'  ma<le  for 
the    purpose   of   testiuLT   thi,^   h\"i)othesis. 

in.  'Idle  deterniinati< 'U  h\  Tea^e  of  spectra  n\  indi\-idual 
^taI■s  in  the  cluster  .i^ive--  re>>u]ts  contlrmator^■  of  the  direct 
interpretati' lU  ot  coli.r  cla^<  a>  >|)ectral  tvpe.  and  verifies  the 
exct^'ss   (\\    co]<.r    in    the   center. 

11.  <  M'  ihe  loni"  liuudivd  fainte>i  stars  measured  in  the 
cluster.  S3    i)er   cent    are   hluer   tlian   the   color  class  qI),   ^\■hich 
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corresponds  to  solar  spectral  type ;  of  the  four  hundred 
brightest  stars  75  per  cent  are  redder  than  gO.  An  analogous 
result  holds  for  the  outer  regions  alone.  The  average  magni- 
tude for  each  color  class  in  the  whole  cluster  and  in  the 
region  outside  2'  is  shown  in  Table  III. 

TABLE  III. 

Average 
Color  Glass  All      Color 

Region  !>  a  f  g  k  m     Colors    Class 

All  of  cluster..     15  19     14.99     14.78     14.15     13.34     12.96     14.50        f6 
Distance    >2'...     1520     1501     14.85     14.28     12.74    14.71         f3 

12.  The  almost  linear  decrease  of  color-index  with  de- 
crea.*^ing  brightness  is  in  evidence  in  all  regions  of  the  cluster. 
The  phenomenon  probably  has  an  important  significance  in 
considerations  of  the  order  of  development  of  giant  stars. 

13.  Between  photo- visual  magnitudes  16.0  and  16.8  only 
four  out  of  the  special  list  of  a  hundred  faint  stars  have 
color-indices  greater  than  half  a  magnitude,  and  none  is 
found  redder  than  the  Sun. 

14.  There  is  some  evidence  that  the  brighter  stars  are 
more  strongly  condensed  in  the  center  of  the  cluster  than 
the  faint  ones ;  at  least  the  average  magnitude  is  brighter, 
even  without  allowing  for  the  color  excess.  Outside  the 
central  zone  the  cluster  stars  seem  to  be  verv  thorolv  mixed 
with  respect  to  magnitude  and  color. 

1.^.  The  laws  connecting  star-density  and  distance  cannot 
Ik?  determined  until  the  phenomenon  inteq^reted  here  as  the 
El)erhard  effect  (which  also  depends  on  distance  from  the 
center)  has  been  thoroly  investigated;  even  neglecting  this 
effect,  the  distribution  laws  ordinarily  derived  must  be  recog- 
m'zed  as  applying  to  only  that  very  small  percentage  of  all 
the  stars  which  is  represented  by  tho.se  of  exceptionally  high 
intrinsic  brightness. 

16.  The  probable  distance  of  the  Hercules  cluster  is  esti- 
mated from  considerations  of  its  variable  star>?.  its  frag- 
mentary  luminosity  cur\'es,  and  the  average  apparent  bright- 
nes<>  of  certain  color  groups.  The  parallax  must  be  less  than 
-^(y'.OOOl  and  is  probably  greater  than  ^-CK'.OOOOl. 

17.  At  the  provisionally  adopted  distance  of  a  hun<lred 
th«nisand  light-years,  the  cluster  would  !>e  more  than  a  thou- 
sand light-years  in  cliameter. 


176  PUBLICATIONS  OF  THE 

18.  There  seems  to  be  reasonably  clear  evidence  that  this 
and  similar  globular  clusters  are  very  distant  systems,  dis- 
tinct from  our  galaxy  and  perhaps  not  greatly  inferior  to  it  in 
size.  The  open  clusters,  on  the  other  hand,  seem  to  be  rela- 
tively small  parts  of  the  local  system;  but  further  observa- 
tion is  necessary  to  make  certain  of  this  deduction. 


In  conclusion  it  may  be  stated  that  since  the  completion  of 
the  work  on  Messier  13  similar  but  less  extensive  studies 
have  been  made  of  six  other  globular  clusters  and  of  two 
open  groups.  The  results  from  the  globular  clusters,  so  far 
as  they  have  been  analyzed,  are  in  good  agreement  with  those 
summarized  above  for  Messier  13.  The  presence  of  blue 
stars  and  the  absence  of  exceptionally  large  color-indices 
indicate  that  the  effectiveness  of  interstellar  media  as  light 
scattering  agents  is  very  slight.  In  particular,  the  phe- 
nomenon of  decreasing  color-index  with  decreasing  bright- 
ness holds  for  such  clusters  as  Messier  3,  5,  and  15,  and  is 
very  probably  a  general  characteristic  of  all  globular  systems. 
August  1916. 


A  L^^Fl\()l'S  OBTECT  SKKX  OX  ^[  \V  4.  vnu. 


Bv  C.   D.   Pkkkink. 


Al)()nt  V^*'  10'"  ill  the  evenin<^  of  y\ay  4th  (  C(')r(lol)a  mean 
time)  Dr.  (ilanc\'  called  m\-  attention  to  a  peculiar  ol^ject  in 
the  SdUtheastern  sky. 

It  was  then  a  l)rii^ht  streak  just  l)elo\v  a  Poi'oiiis,  sensibly 
strai,q;ht.  about  8^  or  10^  l<>iiR  ^'^iid  one-half  to  one  decree  in 
width.  It  was  more  sharply  detlned  toward  the  west,  that 
extri-mity  re^emblini^'  the  head  of  a  larj^e  l)rii^ht  comet,  but 
without  any  well  defmed  condensation  or  nucleus.  In  i^^eneral 
ai)nearance  to  the  naked  eye  and  with  the  excej)ti(ni  of  a 
chani^ed  ])osition  it  was  an  exact  counterpart  on  a  smaller 
scale  of  I  {alley's  comet  when  this  object  was  near  to  the 
Ivirlh  and  it<  head  near  enough  to  the  horizon  to  suffer 
i^reatl}'  1)\'   absorption    from    the   atmosphere. 

After  a  few  nunutes'  examination  with  field  ^;lasses  a 
series  of  ])ointini^s  was  ma<le  as  1(H1i^  as  it  could  be  seen  with 
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the  finder  of  the   12-inch  equatorial.     These  pointings  were 
upon  the  western  end  of  the  object  with  respect  to  terrestrial 
objects,  or  the  eastern  end  with  respect  to  the  stars. 
These  observations  are  as  follows: 


Cordoba  Mean 

Time 

R 

A 

Decl 

Remarks 

8h  52« 

20»» 

18«.5 

-57^ 

Casually  observed  and 
set  down  from  memory. 

9    34 

21 

02   .3 

—55  .8 

3  pointings. 

9    46 

21 

21    .2 

—55  .5 

2  pointings. 

9    58 

21 

i:j 

-55^ 

1   pointing,  very  un- 
certain. 

The  first  observation  was  made  by  Dr.  Clancy;  the  last 
three  bv  Dr.   Perrine. 

When  first  seen  (estimated  to  be  at  8*»  32"»db2")  by  Dr. 
Clancy,  the  western  extremity  of  the  object  was  in  apparent 
coincidence  with  the  2d  magnitude  star  a  Pavonis.  It  was 
s«x)n  seen  that  it  was  approaching^  the  horizon  and  would 
shcmly  be  lost  to  view — the  diurnal  motion  not  sufficiently 
counteracting  its  own  motion. 

In  the  intervals  between  |)ointings  it  was  studied  with 
fielcl-f^lasses  and  with  the  naked  eye.  It  gfrew  fainter  as  it 
approached  the  horizon.  .After  it  had  disappeared  a  low- 
lyin^  bank  of  haze  or  cloud  was  observed  at  that  point. 
Durin|2f  the  earlier  stag^es  of  its  apparition  there  seemed  few 
or  no  sipis  of  streamers  which  are  often  observable  in  the 
tails  of  comets.  .At  about  the  middle  of  its  period  of  visi- 
bility when  it  had  g^rown  perceptibly  fainter  the  portion 
mi<lway  looked,  with  field-j^lasses.  like  the  main  streamer  of 
the  middle  |K)rtion  of  a  comet's  tail.  It  retained  its  recti- 
linear fonn  as  lonq^"  as  it  could  be  seen. 

There  were  no  clouds,  with  the  possible  exception  men- 
tioned above,  in  any  part  of  the  sky  at  any  time  during^  the 
apparition  of  this  object  nor  at  any  time  during  the  night  in 
question  so  far  as  I  know.  The  sky  was  of  its  usual  trans- 
parency and  work  was  in  progress  with  the  astrographic 
telescope  (on  chart  plates)  and  with  the  meridian  circle  as 
well  as  earlier  with  the  12-inch  equatorial  with  which  Dr. 
Clancy  observed   Xeujmin*s  comet. 

The  appearance  of  the  object  was  not  that  of  an  ordinary 
aqueous  cloud.  I  think  there  can  be  no  doubt  that  it  was  a 
self-luminous  object. 
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There  were  no  means  of  photographing  it  or  of  examining 
its  spectrum  in  the  short  time  available. 

Upon  plotting  the  observed  pointings  including  the  esti- 
mated position  by  Dr.  Clancy  at  8**  52™  it  is  found  that  they 
all  appear  to  fall  upon  a  great  circle  passing  thru  the  Sun 
within  their  probable  errors.  The  observed  motion  was  10° 
on  a  great  circle  toward  the  Sun  in  the  interval  of  one  hour. 

Explanations  of  the  nature  of  this  object  seem  to  be 
limited  by  the  circumstances  to  two: — a,  that  it  was  a  comet 
traveling  very  close  to  the  Earth  and  toward  the  Sun  or 
b,  that  it  was  the  cloud  left  by  a  meteor. 

The  appearance  is  better  explained  by  the  assumption  that 
it  was  a  comet.  There  were  no  changes  of  form  such  as 
usually  occur  in  meteor  clouds — the  object  w^as  sensibly 
straight  and  streamer-like  thruout  its  entire  apparition.  The 
extremity  nearest  the  Sun's  place  was  as  sharply  defined  as, 
and  similar  in  shape  to,  the  head  of  a  large  comet  close  to 
the  Earth,  while  the  opposite  portion  faded  out  gradually 
like  the  tail  of  a  comet.  There  was  no  pronounced  condensa- 
tion and  so  far  as  T  could  determine  no  nucleus  altho  one 
stellar  object  of  approximately  sixth  niaL^nittide  was  ^n-- 
pected  to  have  motion.  It  was  not  j)ossihle  imder  the  cir- 
cumstances. ho\ve\-er.  to  verify  the  fact.  The  axis  of  iIk- 
object  was  at  hrst  nearl\'  parallel  to  the  horizon,  but  later 
l)ecame  more  inclined,  the  west  (  terrestrial  )  end  l)einu'  near- 
est  the   horizon. 

The  tremendotis  _<:,^eocentric  motion  demanded,  while  n<  •! 
impossible,   would   be.  ne\'ertheless.   ver\'  tnnisnal. 

Some  time  after  the  apjiarition  oi  this  object  se\'er.a] 
meteoi's  were  noticed,  one  at  least  of  which  was  x'isibJc  in 
the  ^<  inlheastern  ^ky.  coming'  from  a  radiant  to  the  north 
ami    |»ei'ha])s   M)     or  40     abow   the  hr)rizon. 

The  <>bsei'\e<l  motion  extra|)olated  would  ha\'e  cariied  the 
obj^'ct  .'ilmost  to  the  Suu's  ])l.'ice  at  sunrise.  'I'here  ^eemed  a 
possibilil  \'.  howuxer.  that  it  mii^'ht  slow  ti|)  and  that  it  would 
be  \i,sibK'  brloi-r  ^nnri^e.  It  was  therefore.  carefulK'  lo..kr<l 
for.  in  a  l:"oi.  ul  x|<\  ,  but   nothinc:'  seen  (tf  it. 

(/ousideiauL:-  all  the  circumstances,  |)articularl\-  that  its  in<.- 
tiou    would    c.arr\-    it    raj'idh'    iuto   the    northern    skw   if   it    were 
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a   coiiiet,   it   was   deemed   best   to   warn   northern   observers. 

Hence  the  following  telegram  was  sent  to  Harvard  College 

( >bservatorv : 

May  5,  1916. 
BriRht  object  visible  here  last  night  nine  to  ten.   Moved  from  alpha 
/\n  t<ms  ten  degrees  toward  Sun's  place.     Tail.     Possibly  a  comet. 

It  is  not  considered,  however,  that  its  nature  can  be  estab- 
lished without  observations  from  other  points.  Requests  for 
observations  were  sent  to  the  newspapers  but  no  reports  have 
been  received. 

Dr.  Clancy  has  investigated  the  question  of  an  orbit  for  the 

|x>sitions.  which  is  also  interesting  from  a  theoretical  stand- 

l>r>int  on  account  of  the  possibility  of  such  a  close  approach. 

and  her  residts  follow. 

Observatorio  Xacional  Argent ino, 
Cordoba,  June  16.  1916. 


A  LrMINOl'S  ()MJI{CT  SUSPECTED  TO  BE  A 

COMET. 


Bv    .\.    ESTFLLE    GlaNCV. 


(  )n  the  evening  of  May  4th  an  object  resembling  a  comet 
with  a  long  straight  tail  was  seen  at  Cordoba  in  the  southeast 
near  a  f\i7'0ii{s.  (see  the  preceding  note  by  Dr.  Perrine). 
The  tail  i>ointcd  away  from  the  Sim :  the  motion  was  directed 
towanl  the  Sun.  Three  observations  within  an  interval  of  an 
hour  showed  a  motion  of  10^  on  a  great  circle.  Theoretically 
^uch  an  arc  might  l)e  made  to  yield  some  sort  of  an  orbit, 
and  it  is  interesting  tt>  study  what  can  Ik*  derived  mathe- 
matically. 

Following  are  the   three  observations,  by  Dr.   Perrine  and 

the   writer,  the  nu'ddle  one  imfortunately  close   to  the  third, 

an<l  the  first  one  a  casual  naked-eye  note  of  the  jx^sition. 

Gr.   M.  T.  R    .\  Decl 

Mav  4548        20^  18™  5        — 57M1 
May  4  577        21     02    3        —55   8 
May  4585        21     21    2        —55  .5 
(  Uncorrected   for  parallax.) 
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The   calculations   presented   certain   difficulties,  but   finally 
the  following  set  of  elements  was  adopted: 

T  =  1916  June  14 

ft  =  224° 

«=  95° 
log  ^  =  9.967 
log  a  =0.809 

This  orbit  satisfies  the  middle  observation    (corrected   for 

parallax),  and  leaves  outstanding  the  following  residuals  for 

the  first  and  third  places,  (corrected  for  parallax). 

(0-C) 


(1) 

(3) 

cos«Ao_0.°04 

-f  0^ 

M3 

A  «      0  .49 

-0 

.29 

A  short  ephemeris  is  added. 

Gr.  M.  T. 

R.A. 

Decl. 

logp 

May  4.577  (middle  obs.) 

315° 

-57° 

7.35 

.627 

1 

40 

6.99 

.677 

55 

30 

7.10 

.727 

74 

47 

7.42 

.777 

82 

49 

7.62 

Too  much  confidence  should  not  be  placed  in  such  an  orbit 
as  this,  but,  whatever  its  reliability,  it  has  a  threefold  interest. 

If  the  object  was  a  real  comet  where  should  it  have  been 
searched  for  on  the  following"  morning?  Granting  a  real 
comet  to  have  been  observed  at  the  three  given  times  only, 
what  kind  of  an  orbit  conld  be  calcnlated,  if  any?  An<l  how 
do  the  metho(ls  of  compnting  orbits  hold  when  a  comet  and 
the   Karth   make  a  close  approach? 

The  ol)serve(l  motion  was  snch  that  we  were  led  to  jM'edict 
a  i)o^sil)le  visibility  (^f  the  object  in  the  eastern  sky  on  the 
following  morning,  and  a  search  was  acciM'dingly  made. 
Nothing  was  seen.  If  the  ei)hemeris  is  reliable,  onr  faihire 
to  find  the  object  is  satisfactorily  exj)lained.  It  could  only 
have  been  seen  in  more  northern  latitudes  and  in  the  evening 
sky. 

\llho  such  an  unfavorable  case,  an  orbit  satisfving  the 
three  gi\en  observations  has  been  set  up.  and  it  is  (juite 
ordinary  in  its  characteristics.  In  fact,  in  a  rough  way.  it 
resembles  Comet   1*M)3(\ 

That  the  calculations  would  present  difficulties  was  to  be 
expected.  It  was  only  by  the  combined  use  of  the  e(|uation< 
gi\en    1)\-    (  )ppolzer   and    those    in    Leuschner's    Short    ^Tethod 
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that  any  kind  of  an  orbit  was  derived.  Without  stating  the 
difficulties,  it  is  sufficient  to  note  the  unequal  intervals,  the 
small  value  of  the  geocentric  distance,  (at  the  time  of  the 
middle  observation  the  geocentric  distance  was  0.0022  of  an 
astronomical  unit),  the  correspondingly  large  parallax,  and 
the  relative  attraction  of  the  Earth,  and  the  short  heliocentric 
arc  descrilied  bv  a  comet  at  unit  distance  from  the  Sun 
during  an  interval  of  an  hour.  The  attraction  of  the  Earth 
has  been  neglected,  owing  to  the  anticipated  difficulties  in  its 
consideration  and  the  hope  that  the  two  body  problem  would 
be  adequate  to  disprove  or  confirm  the  predicted  place  for 
the  following  morning. 

Even  if  only  a  hypothetical  case,  here  is  an  example  of 
what  may  hap|>en  at  the  time  of  a  close  approach  of  comet 
and  Earth:  .\  comet  might  traverse  an  arc  of  180°  in  the 
course  of  a  night,  and  if  it  should  be  an  unexpected  comet, 
it  would  be  completely  lost  if  such  a  short  arc  orbit  has  no 
value. 

Considered  as  a  comet,  all  the  evidence  is  favorable.  It 
was  moving  toward  the  Sun.  The  shape  of  the  tail  was 
fairly  permanent.  The  position  angle  of  the  tail  projected 
on  to  the  orbit  plane  places  the  tail  at  an  angle  of  57°  with 
the  radius  vector,  the  tail  preceding  the  radius  vector,  a 
deviation  which  has  precedents  in  previous  comets.  The 
elements  are  entirely  reasonable,  and  the  ephemeris  explains 
the  failure  to  find  the  object  on  the  following  morning. 

On  the  other  hand,  deducting  the  motion  of  the  Earth,  we 
should  have  for  the  motion  of  a  bodv  within  the  Earth's 
atmosphere 

2"  cast  r.5  north 

The  interpretation  of  the  phenomenon  as  a  quiescent  meteor 
cloud  is  plausible.  Several  years  ago.  in  Argentina,  there 
was  seen  a  meteor  cloud  of  this  general  type,  long  and  nar- 
row an<l  of  several  hours*  duration.  The  greatest  objection 
to  this  hypothesis  is  the  pemianence  of  shajx?.  Under  the 
influence  of  shifting  air  currents,  the  cloud  should  become 
zigzag,  but  this  difficulty  is  removed  on  the  assumption  of  a 
high  altitude  where  the  air  currents  are  known  to  be  more 
steady.     One  more  objection  might  be  named :   the  absence 
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of  reports  from  the  numerous  meteorological  stations   scat- 
tered about  the  country. 

Only  additional  observations  could  establish  the  character 
of  the  object  and  it  must  probably  remain  an  open  question. 
But  the  case  has  considerable  interest  in  view  of  its  unique- 
ness, and  the  numerical  results  are  presented  for  what  they 
are  worth. 

Observatorio  Nacional, 
Cordoba,  Argentina, 
June  16, 1916. 


PLANETARY  PHENOMENA  FOR  SEPTEMBER  AND 

OCTOBER,  1916. 


By  Malcolm  McNeill. 


PHASES   OF  THE   MOON,   PACIFIC  TIME. 

First  Quarter.Sept  4th,  8»»26mp.M.  First  Quarter.Oct.  4th,   3^   0«»a.m. 

Full  Moon...    "    11th,  12   31     p.m.  Full  Moon...    "    10th,  11      1     p.m. 

Last  Quarter.    "    18th,   9   35    p.m.  Last  Quarter.    "    18th,    5     9    p.m. 

New  Moon...    "   26th,  11    34    p.m.  New  Moon...    "   26th,  12   37    p.m. 


The  Moon  will  ai^ain  jxiss  over  the  Pleiades  i^roup  ana  a 
imnibcr  of  the  more  prominent  stars  will  be  occulted  in  the 
early  mornini^"  of  (\^toher  14th  before  sunrise.  As  the  Moon 
is  then  in  the  third  quarter  the  immersions  will  take  place 
on  the  bright  limb.  There  will  be  an  untisual  number  of 
occultations  of  planets  durin^c;'  Septeml^er  and  October,  but 
none  of  these  will  l)e  observal)le  in  the  I'nited  vStates.  The 
INToon  will  |)ass  over  Safuni  and  Xrf^tioic  on  the  niq-lit  ()f 
September  2\-22i],  and  over  J 'runs  on  the  morninq"  of  Sep- 
tember 24th.  Safiini  and  Xcf^tuiic  will  a^i^ain  be  occulted 
on   October   I'^^^th. 

The  autumnal  e(|uinox.  when  the  Sun  crosses  the  equator 
fr(^m  north  to  south,  occurs  Sej^tembcr  23rd,  P  14™  a.  m. 
Pacific  time. 

Mercury  is  an  evening'  star  on  wSeptember  1,  settinij;'  a  little 
le^s  than  an  hour  after  sunset.  It  is  then  a  little  too  near  the 
v^un  for  naked  eye  visibility.  It  reaches  ccreatest  east  clonq^a- 
tion  on  v^ej)tember  \Hh.  The  el<^nQ'ation,  26°  54',  is  a  larq'e 
one   as   it   comes   only   about  a   week  after  aphelion,   but  the 
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planet  is  so  far  south  of  the  Sun  that  it  will  set  scarcely  an 
hour  after  sunset  and  conditions  are  not  favorable  for  naked 
eye  view.  The  planet  passes  inferior  conjunction  on  the 
morning;  of  October  5th  and  becomes  a  morning  star.  Great- 
est west  elonf^^ation  occurs  on  October  20th.  This  elongation, 
18^  17',  is  much  under  the  average  as  perihelion  passage 
came  on  CVtobcr  16th,  but  the  planet  is  several  degrees 
north  of  the  Sun,  and  by  the  middle  of  the  month  the  planet 
will  rise  alx)ut  an  hour  and  one-half  before  sunrise.  This 
interval  diminishes  somewhat  toward  the  close  of  the  month 
but  remains  well  over  an  hour.  For  the  last  three  weeks  of 
the  month,  therefore.  Mercury  will  be  an  easy  object  in  the 
morning   twilight. 

J'ctius  is  in  fine  position  for  morning  observation,  rising 
alxnit  three  and  one-half  hours  before  sunrise  thruout  the 
two  months'  period.  It  reaches  its  greatest  west  elongation, 
4/)-  r.  on  September  12th.  and  from  that  date  the  apparent 
distance  between  Sun  and  planet  begins  to  decrease.  The 
amount  of  this  diminution  up  to  October  31st  is  about  9°; 
but  the  relative  motion  of  I'cnus  and  the  Sun  carries  the 
planet  considerably  to  the  north  of  the  Sun.  and  the  total 
effect  on  the  difference  of  time  in  the  rising  of  the  planet 
and  of  the  Sun  is  only  about  ten  minutes.  During  the  two 
months  the  planet  moves  64°  eastward  and  13°  southward 
from  Cancer  thru  Leo  to  the  western  boundary  of  Vir^o. 
On  October  7th  it  passes  about  half  a  degree  south  of 
Rci^ulus,  a  Leonis.  While  the  planet  is  not  quite  as  bright 
as  it  was  at  the  time  of  greatest  brilliancy  in  August,  it  will 
still  retain  nearly  half  its  light  up  to  the  end  of  October,  and 
will  !)e  by  far  the  most  conspicuous  object  in  the  sky. 

Mars  is  still  in  the  evening  sky.  but  is  drawing  closer  to 
the  Sun  and  has  ceased  to  be  conspicuous.  On  September  1st 
it  sets  about  two  hours,  and  on  October  31st  not  quite  an 
hour  and  one-half  after  sunset.  It  is  nearing  its  maximum 
distance  from  the  Earth  and  is  nearly  at  its  least  brightness. 
However,  it  is  still  a  little  brighter  than  the  pole  star  and 
can  be  seen  in  the  evening  twilight  without  much  difficulty. 
During  the  two  months  it  moves  42°  eastward  and  13°  south- 
ward frofu  a  position  in   Vir^io  about  3°  east  of  Spica,  the 
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principal  star  of  the  constellation,  thru  Libra  and  into 
Scorpio,  to  a  place  1°  west  and  4°  north  of  Antares, 
a  Scorpii.  On  September  29th  it  passes  less  than  1°  south 
of  a  Librae,  a  third  magnitude  star. 

Jupiter  is  getting  into  good  position  for  evening  observa- 
tion. On  September  1st  it  rises  before  9  p.  m.  and  on 
October  31st  shortly  before  sunset.  It  reaches  opposition 
with  the  Sun  on  October  23rd  and  is  then  above  the  horizon 
thruout  the  entire  night.  Its  motion  during  September  and 
October  is  retrograde,  about  6°  eastward  and  2°  southward 
in  the  constellation  Aries.     No  bright  star  is  near  it. 

Saturn  rises  before  2  a.  m.  on  September  1st  and  shortly 
after  10  p.  m.  on  October  31st.  On  September  1st  it  is  nearly 
on  the  prolongation  of  the  line  from  Castor  to  Pollux  and 
distant  from  the  latter  an  amount  about  50%  greater  than 
the  distance  between  the  stars.  Its  motion  during  the  two 
months  is  about  4°  eastward  into  the  constellation  Cancer. 
On  the  night  of  September  5th  it  is  in  conjunction  with 
Venus,  the  latter  passing  about  3°  to  the  south.  As  seen  in 
the  telescope  the  riners  appear  less  widely  open  than  they  were 
early  in  the  \ear,  the  minor  axis  of  the  rincT  l)eini:r  percej)tibly 
less  than   the   j)<)lar  diameter  of  the   ])lanet. 

l^ninus  sets  on  v'^eptemher  1st  at  about  half  i)ast  three  A.  m. 
and  at  half  an  hour  before  midnic^ht  on  Octolx^r  31st.  It  i^ 
nearly  stationary  in  the  constellation  Caf^riconi,  moving"  al xnn 
1  westward  nntil  (  )ctol)er  2()th.  It  then  l)e.i^ins  to  move 
slowly  eastward.  (  )n  September  1st  the  nearest  moderately 
brii^dit  star  is  i  Ciiprianiii,  a  small  fourth  mai^nitude.  a  little 
less  than  1"  south  of  the  planet.  \X  the  end  o{  ( )ctober  the 
planet  is  afxtut  1  west  and  24'  north  of  the  star.  The  ])lanet 
is  not  l)ri_i4;ht.  not  much  above  naked  eye  visibilit}'  on  a  clear 
moonless   nis^ht. 

\cptuuc  is  in  the  constellati(^n  Cancer  somewhat  east  (A 
Sdfiirn.  (  )n  v'^eptember  13th  it  is  in  conjunction  with  I'cjiiis, 
the   latter  pa'^sinrr  about   2     to  the   south. 
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PLANETARY   PHENOMENA  FOR   NOVEMBER  AND 

DECEMBER,  1916. 


By  Maixxilm  McNeill. 


PHASES  OF  THE   MOON,   PACIFIC  TIME. 

Firvt  Qiiarter.Nov.  2d.  9»»51™a.m.  First  Quarter. I>ec.  1st,  5»»55«p.m. 
lull  .Mtxin...  •  9th,  12  18  p.m.  Full  Moon...  "  9th.  4  44  a.m. 
LaM  Quarter.  "  17th.  2  0  p.m.  Last  Quarter.  "  17th.  10  6  a.m. 
New.Mcion. .    **    25th,  12   50    a.m.       New  Moon...    "   24th.  12   31     p.m. 

First  Quarter.   "   31st,   4     7    a.m. 


The  fifth  and  last  eclipse  of  the  year,  a  Partial  Eclipse  of 
the  Sun,  will  occur  December  24.  The  maximum  obscuration 
<»f  the  Sun  will  be  onlv  one  hundredth  of  its  diameter,  and  it 
will  be  visible  only  in  the  regions  far  south  of  Africa. 

The  Moon  will  ag^ain  occult  the  Pleiades  group  on  Decem- 
ber 7ih.  but  nearly  all  of  the  occultations  will  take  place 
before  m(K>nrise  in  the  L'nite<l   States. 

The  Sun  reaches  the  winter  solstice  and  be;?ins  to  move 
northward  on  I>ecember  21st.  7^  30^  Pacific  time. 

Mereury  is  a  morning  star  on  November  1st,  and  rises  a 
little  more  than  an  hour  before  simrise.  in  fair  position  for 
observation.  It  gradually  approaches  the  Sun,  passing  su- 
peri(^r  conjunction  and  becoming  an  evening  star  on  the  night 
(»f  November  23i\.  It  gradually  increases  its  distance  from 
the  Sun,  and  shortly  after  the  middle  of  December  it  attains 
a  sufficient  distance  for  visibility  in  the  evening  twilight.  .\t 
the  end  of  the  month  it  reiTiains  above  the  horizon  nearly  an 
hour  and  one-half,  and  is  then  an  easy  naked  eye  object.  It 
will  reach  greatest  east  elongation  in  January. 

I'enus  is  still  in  the  morning  sky  but  is  gradually  drawing 
nearer  to  the  Sun.  On  November  1st  it  rises  about  three 
an<l  one-half  hours  before  sunrise  and  this  interval  diminishes 
to  a  little  more  than  two  hours  bv  the  end  of  December.  It 
will  also  diminish  perceptibly  in  brightness  due  to  its  in- 
creased distance  from  the  Earth.  It  will,  during  the  two 
months,  move  7P  eastward  and  2^  southward  among  the 
stars  from  the  western  part  of  I'iri^o  thni  Libra  into  Scorpio, 
On  Novemlxrr  20th  it  passes  about  4°  north  of  the  first 
magnitude  star  Spica,  and  on  December  28th  it  is  about  5** 
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north  of  the  first  magnitude  star  Antares,  It  passes  its 
perihelion  on  November  11th,  but  the  orbit  is  so  nearly 
circular  that  this  makes  very  little  difference  in  appearance 
or  apparent  motion.  This  is  very  different  from  the  condi- 
tions in  the  case  of  Mercury  and  Mars,  whose  orbits  are 
relatively  very  eccentric.  In  these  latter  the  situation  of  the 
planet  with  reference  to  perihelion  or  aphelion  causes  a 
variation  of  quite  a  number  of  days  in  time  of  conjunction  or 
greatest  elongation. 

Mars  is  gradually  approaching  the  Sun  and  by  the  end  of 
December  sets  just  about  one  hour  after  sunset.  On  No- 
vember 1st  the  interval  is  about  an  hour  and  one-half.  As 
the  planet  is  now  nearly  at  its  faintest,  about  as  bright  as 
the  pole  star,  it  will  not  be  a  very  easy  object  for  naked  eye 
view  at  any  time  during  the  two  months'  period,  but  it  can  be 
seen,  under  good  weather  conditions  at  any  rate,  during 
November.  Its  motion  among  the  stars  is  about  50°  almost 
due  eastward,  from  a  position  in  Scorpio,  about  4°  north  ot 
the  first  magnitude  star  Antares  thru  Sagittarius  to  the 
western  border  of  Capricornus.  During  the  first  half  of  De- 
cember it  moves  eastward  a  short  distance  north  of  the 
"Milk  r)ij)per"  f^roup  in  Scii:;itfarius.  Its  actual  distance  from 
the  Karth  is  still  increasing-  slowly  and  will  continue  to  di^ 
so  until  some  time  toward  the  end  of  February,  about  the 
time  of  conjunction  with  the  Sun.  It  will  reach  its  perihelion 
at  almost  the  same  time.  Mercury  and  Mars  are  in  con- 
junction on  December  22nd,  but  both  are  too  near  the  v^un 
{ov  easy  naked  eye  observation   on  that  date. 

J II filter  passed  (>|)j)osition  with  the  Sun  on  October  2?n\, 
and  conseciuently  will  be  above  the  horizon  nearly  all  nii^ht  in 
November.  It  will  set  earlier  each  ni^ht  by  about  four  min- 
ute^, so  that  at  the  end  of  December  it  will  set  at  about  half 
after  1  .\.  M.  Tt  is  in  the  eastern  part  of  Pisces  and  its 
motion  up  to  December  21st  is  about  3'  westward  and  1 
soulhwai'd.  Dm-int^  the  rest  of  the  month  it  moves  verv 
slowly  eastward.  When  at  its  extreme  westward  position  on 
December  21^1  it  is  in  almr)st  exactly  the  same  place  amoui^" 
the  stars  whicli  it  hel<l  on  June  1st.  beincT  only  10'  south. 
(  >n  account  of  its  considerable  distance  there  is  comparati\'elv 
little    chan.c^e    in    its    ai)parent    bri.c^htness   due   to   the    relative 
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positions  of  planet.  Sun.  and  Earth,  less  than  one  magnitude 
between  brightness  at  conjunction  and  at  opposition. 

Saturn  is  getting  into  better  position  for  evening  observa- 
tion. On  November  1st  it  rises  at  10:20  p.  m.,  and  at  about 
six  in  ihe  evening  at  the  end  of  December.  It  is  in  Cancer 
ami  moves  eastward  up  to  November  12th,  During  the  rest 
of  the  |icriod  it  moves  about  2°  westward.  The  apparent 
minor  axis  of  the  rings  is  very  slightly  larger  than  it  was 
during  the  last  period,  but  is  distinctly  smaller  than  the  |H>lar 
axis  of  the  planet. 

VratiHS  sets  shortly  before  midnight  on  November  1st  and 
before  8  p.  m.  on  December  31st,  but  is  still  in  fair  position 
for  evening  observation.  It  remains  in  the  constellation 
CapriiomiiS.  moving  1°  42'  eastward  and  34'  northward  dur- 
ing the  month.  On  November  tst  it  is  a  little  less  than  P 
west  and  0°.h  north  of  the  small  fourth  magnitude  t  Capri- 
comi.  On  December  12th  it  passes  0°.7  north  of  the  star,  a 
distance  about  one-third  greater  than  the  apparent  diameter 
of  the  Moon. 

Ntptune  is  in  Canctr  east  of  the  position  of  Saturn. 


THE    SAN     DIEGO    MEETING    OK    THE    P.VCIFIC 

DIVISION  OF  THE  AMERICAN  ASSOCI.\TION 

FOR  THE  ADVANCEMENT  OF  SCIENCE, 

AND   OF    THE    .\STRONOMICAL 

SOCIETY  OF  THE  P.\CIFIC. 

The  6rst  meeting  of  the  Pacific  Division  of  the  American 
Association  for  tlic  .■\dvancemeiit  of  Sdencc  was  held  in  San 
Diego,  August  9  to  12,  1916.  and  was  a  success  from  every 
point  of  view.  The  officers  and  co«nmittees  of  the  Pacific 
Division  and  of  those  of  the  affiliated  societies  which  held 
meetings  in  conjunction  with  that  of  the  Pacific  Division 
pLinned  the  programs  carefully,  and  the  local  committee  on 
arrangcmenis  made  evciy  possiWe  provision  for  the  comfort 
and  cnteruinment  of  the  visiting  members.  The  local  com- 
mittee was  generously  assisted  in  its  work  bj-  the  San  Diego 
Chamlier  of  Commerce,  llw  Woman's  Board  of  the  Panama- 
California  International  Exposition,  the  staff  at  the  Scripp's 
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Institution  for  Biological  Research  at  La  Jolla,  the  U.  S. 
Bureau  of  Fisheries  thru  the  officers  and  scientific  staff  of 
the  Albatross,  and  by  a  number  of  firms  engaged  in  com- 
mercial work  of  scientific  interest;  e.  g.,  the  kelp-reduction 
plants,  the  salt  works  and  the  tuna  canneries. 

The  dedication  exercises  of  the  Scripp's  Institution  for 
Biological  Research,  La  Jolla,  were  held  on  the  afternoon  of 
the  opening  day  of  the  meeting,  Wednesday.  August  9. 
President  B.  I.  Wheeler  presided,  and,  after  the  invocation 
pronounced  by  the  Bishop  of  Los  Angeles,  Rt.  Rev.  Joseph 
H.  Johnson,  addresses  were  made  by  Dr.  David  Starr  Jordan, 
Dr.  D.  T.  MacDougal,  Professor  G.  H.  Parker,  and  Pro- 
fessor Wm.  E.  Ritter,  the  scientific  director  of  the  institution. 

Headquarters  for  the  Pacific  Division  had  been  established 
in  the  lobby  of  the  U.  S.  Grant  Hotel  and  the  general  ses- 
sions of  the  Division  were  held  in  the  assembly  hall  of  the 
hotel  on  the  evenings  of  Wednesday,  Thursday. .  and  Friday, 
August  9,  10,  and  11.  In  opening  the  first  meeting,  on 
Wednesday  evening,  Dr.  W.  W.  Campbell,  president  of  the 
Pacific  Division,  called  attention  to  the  fact  that  this  was  the 
initial  mcetini^  of  tlie  Division  and  brietly  ontlinccl  tlic  liistorv 
of  tlic  niovonient  that  led  to  its  formation.  lie  then  intro- 
duced Hon.  Lyman  J.  Oa^'e,  who  welcomed  the  meml)ers  of 
the  Pacific  Division  and  of  the  participating-  societies  to  San 
Diec^o.  I^f.  D.  T.  MacDou,c^al,  chairman  of  the  executive 
committee  of  the  Divisi(Hi.  responded,  and  the  address  of  the 
e\'enin^"  wa^  then  cri\en  by  Dr.  Campbell  on  the  sul)iect 
"What  We  Know  Alxnit  Comets."  This  addre^N.  which  was 
full}-  illustrated  l\v  lantern  slides,  will  soon  be  pu1)lished.  and 
no  atteiu])t  will  be  marlo  to  o-ive  an  abstract  of  it  here.  .\ 
ver\-  pleasant  intormal  reception  concluded  the  evenincr's 
proc^ram. 

At  the  .general  session  on  Thursday  eveninc^"  the  speaker 
was  Dr.  I'arton  W.  I^vermann,  l^irector  of  the  ^Fuseum. 
California  Academy  of  Sciences.  San  Francisco,  who  cliose 
for  his  subject.  "Modern  Xatural  History  Museums  and  Their 
Relation  to  rublic  l\ducation." 

\t  the  third  q-eneral  se^^ion.  on  Friday  eveninq'.  Dr.  Frank 
F  Wesbrnok,  ])re^ident  of  the  I'niversity  of  I^)ritish  Colum- 
bia.   \'ancouver,    spoke    on    "The    Iliy^ician    of    Tomorrow.'* 
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Good  audiences  were  present  on  all  three  evenings — indeed, 
the  attendance  at  all  of  the  meetings — the  separate  scientific 
meetings  as  well  as  the  general  sessions  was  encouragingly 
large. 

( )n  Thursday  evening  a  brief  business  meeting  was  held 
at  which  the  present  executive  committee  was  re-elected,  and 
it  was  voted  that  the  choice  of  the  next  president  and  of  the 
time  and  place  of  the  next  meeting  be  left  to  this  committee. 

The  scientific  sessions  of  the  participating  societies  were 
held  in  various  rooms  of  the  San  Diego  High  School  building 
in  the  forenoons  and  afternoons  of  Thursday  and  Friday. 
Saturday  was  devoted  to  excursions  to  points  of  interest  in 
the  neighborhood  of  the  city  and  at  7  o'clock  of  that  evening 
the  members  of  the  Division  gathered  in  the  dining  room  of 
the  r.  S.  Grant  Hotel  for  the  final  function  of  the  session — 
the  Association  dinner.  Dr.  E.  L.  Hardy,  principal  of  the 
San  Diego  Xonual  School,  acted  as  toastmaster.  and  appro- 
priate addresses  were  made  by  Drs.  F.  R.  Rumham  and 
Fred  F^aker  of  San  Diego,  and  by  Messrs.  W.  W.  Campbell. 
I.  C.  Merriam  and  F.  F.  Wesbrook. 


In  the  absence  of  the  president  and  other  officers  of  the 
society,  the  meeting  of  the  .\stronomical  Society  of  the  Pacific 
on  Thursday  morning.  August  10.  was  opened  by  the  chair- 
man of  the  program  committee.  Dr.  R.  G.  Aitken.  At  his 
recjuest  Dr.  \V.  S.  Adams  of  the  Solar  Observatory.  Mount 
Wilson,  presided  at  the  morning  session,  which  was  entirely 
devoted  to  a  symix)sium  on  the  nebulae.  The  animated  dis- 
cussion of  all  the  pai^rs  presented  at  this  and  at  the  later 
sessions  proved  their  interest  to  the  members  present,  and 
formed  a  most  profitable  feature  of  the  meetings. 

.\t  the  afterncxjn  session.  Dr.  W.  W.  Campbell,  of  the  Lick 
Observatory,  was  called  to  the  chair.  The  pa^>ers  at  this 
session  related  principally  to  spectroscopic  investie:ation>. 
The  remaining  papers  were  presented  at  the  session  held  on 
Fridav  forenoon,  over  which  Professor  Charles  Hurckhalter 
of  the  Chabot  Observatory  was  called  to  preside.  The  closing 
remarks  of  the  meeting  were  made  by  Dr.  Camobell. 

On  the  following  pages  brief  abstracts  arc  given  of  all  of 
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the  papers,  in  the  order  in  which  they  were  read,  except  of 
those  which  appear  in  full  on  other  pages  of  this  number. 
For  these,  titles  and  references  are  given. 

Forms  of  Planktary  Nebul.i^:  Heber  D.  Curtis. 
The  forms  of  fifty  planetary  nebulae  have  been  studied  with 
the  Crossley  Reflector,  using  varying  lengths  of  exposure 
times  in  order  to  get  the  structural  detail  of  the  very  bright 
central  portions  as  well  as  the  fainter  outlying  parts  of  the 
planetary  nebulae.  The  majority  of  the  planetaries  show  a 
more  or  less  regular  ring  or  shell  structure,  generally  with  a 
central  star.  Lantern  slides  were  exhibited  showing  the 
various  types  observed. 

Spectrograph ic   Obskrv-ations   of   Relative   ^Iotions 
Within  the  Planetary  Nebul.e: 
IV.  IV.  Campbell  and  /.  H.  Moore. 

In  the  past  nine  months,  as  opportunity  oflfered,  the  D.  O. 
Mills  three-prism  spectrograph  and  the  36-inch  Lick  telescope 
in  combination  have  searched  for  rotation  eflfects  in  thirty- 
three  planetary  nebulae.  Definite  evidence  of  rotation  has 
been  observed  in  sixtCLMi  ncl)nL'C  and  sns])ected  in  five  others. 
For  t\vel\e  nel)uhe  no  evidence  of  rotation  was  obtained, 
])ossibly  becanse  the  axis  of  rotation  in  some  of  these  may  be 
l^ointing-  approximately  toward  the  earth,  in  which  case  the 
spectroscopic  method   would   not   be   applicable. 

In  the  nebulae  which  are  more  and  more  condensed  as  the 
center  is  api)roached.  we  seem  to  be  dealincr  with  siin])le  cases 
of  rotatin.i^'  bodies,  with  the  (»nter  strata  rotating"  more  <lowlv 
than  the  strata  nearer  the  center.  In  other  nebuLne  showing 
rini;  structnre  with  central  nuclei,  rotation  effects  seem  to  be 
combined  with  other  forms  of  motion. 

The  central  sections  of  the  brii^ht  lines  in  the  spectra  of 
several  ne1)uhe  are  bowed  toward  the  red  and  widened.  The 
interpretation  which  sui^i^ests  itself  is  that  the  nel)nlar  mate- 
rial serx'ini;"  as  the  source  of  li.c^'ht — ]iresnnial)ly  those  in  the 
heinisi)here  nearest  the  observer — are  movin<^  in  toward  the 
nebular  nucleus.  This  hy])othesis  at  least  calls  for  careful 
consideratirni. 

1'he  results  q"i\'e  valuable  evidence  as  to  the  ])r(^bable 
masses    of    the    planetary    nebuhr.      They    seem    to    contain 
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sufficient  material  to  fonn  systems  more  extensive  than  our 
solar  system. 

The  pajxrr  is  ilhistrated  with  lantern  slides  of  a  few  of  the 
nci)iihe  and  their  spectra. 


TnK  Rotation  and  Radial  X'klocity  of  the  Spikal 
Xkiula  X.  G.  C.  C.  4594:  Francis  G.  Pease. 

A  six^ctnim  photograph  of  this  nebula  of  80  hours  exposure 
with  the  ^lO-inch  reflector  is  approximately  of  ty|x?  F3.  The 
slit  was  set  alon^  the  major  axis  of  the  greatly  elonp^^ated 
ellipse  which  marks  the  boundary'  of  the  nebula — the  object 
is  nearly  edge-on  to  the  observer.  Light  was  thus  received 
from  points  at  different  distances  from  the  nucleus.  \v\ 
extraordinary  feature  is  that  the  relation  between  radial 
velocity  and  distance  is  sensibly  linear,  thus: 

\elocity  =  —2.78  .r  + 1 180 
in  which  .r  is  the  distance  from  the  center  in  seconds  of  arc. 

The  radial  velocity  of  the  system  is  accordingly  1180 
km  Asec.  while  the  rotation  velocitv  at  a  distance  of  2'  is 
330  km/sec.  Assuming  the  rotational  component  t(^  be  the 
same  as  that  derived  by  van  Maanen  for  Messier  101,  the 
parallax  is  found  to  be  of  the  order  of  O^.OOOl. 

Color   pHonn-.kAPHS  oK   XKHrL.K:  Frederick  H.  Scares. 

Slides  are  shown  illustrating  the  distribution  of  color  in 
several  of  the  spiral  nebula?.  Photographs  on  ordinary  plates 
compared  with  others  on  isochromatic  plates  exi)osed  behind  a 
yellow  filter  show  that  the  nuclei  are  yellow  or  reddish,  while 
the  branches,  and  cs|x*cially  the  condensations  scattered  along 
them,  are  intensely  blue  and  possess  a  photographic  activity 
sinnlar  to  that  of  the  central  star  in  the  Ring  Xebula.  The 
planetary  X.  G.  C.  3242.  on  the  other  hand,  shows  no  im- 
portant differences  in  the  intensity  distribution  of  its  blue  and 
yellow  light. 

Spectrograph ic   Observations   of   Xebil.^:   and   Star 

Glisters:   ['.   M.  Sliphcr. 

The  continuation  of  the  spectrograph ic  observations  of 
nebula!  and  clusters  reported  upon  in  1914,  at  Evanston,  has 
not — by  the  inclusion  of  additional  objects — much  changed 
the   average    radial    velocity   of  400  km/scc.    for   the   spiral 
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nebulae.  Other  spirals  have  been  found  to  show  rotational 
displacements  and  several  spectrograms  of  the  Great  An- 
dromeda Nebula  fully  confirm  the  earlier  indications  of  the 
rotation  of  this  nebula.  Some  interesting  types  of  nebular 
spectra  have  been  met  with,  the  most  remarkable  case  being 
that  of  the  Crab  Nebula  in  Taurus  in  which  the  chief  nebular 
bright  lines  seem  to  be  split  into  two  components  suggesting 
the  Stark  electric  field  analysis  for  hydrogen,  helium  and 
lithium. 

The  radial  velocity  of  the  globular  clusters  is  less  than  that 
of  the  spiral  nebulae  and  their  spectra  are  blends  of  early  and 
later  type  stars  with  the  relative  intensities  of  the  types 
varying  from  cluster  to  cluster. 

On  thk  Motion  of  Nebulous  Filaments  in  N.  G.  C.  6992: 

C.  0.  Lampland. 
The  intricate  structure  and  definite  character  of  some  of 
the  filaments  in  the  nebula  N.  G.  C.  6992  should  make  it 
possible  to  detect  comparatively  small  changes  that  may  take 
place.  Two  photographs  of  this  object,  separated  by  an  in- 
terval of  about  fourteen  years,  were  examined  with  a  Zeiss 
comparator  e(|ui|)])e(i  with  a  Illink-Mikroskop.  The  earher 
])hot(\^"raph  was  a  co])y  on  i^lass  of  Professor  Rilchey's  hue 
pliotoi::ra|)h  of  this  nehula  aud  the  one  of  later  date  was  from 
a  neuative  uiade  with  the  4()-inch  reflector  of  the  Lowell 
Observatory.  In  the  south  part  of  the  nebulosity  there  are 
apparentl}'  sliq-ht  displaceuients  of  small  ])ortions  of  ^ome  <)f 
the  filaments. 

\'.\uiAi'.i.i-:   Staus    in    Tin-:    Laooon    Xfuila.    X.   (».   C.   ^)523: 

C.  O.  Lampland. 

Vnwv  negatives  of  the  Lai^oon  Xel)ula.  made  with  the  40- 
inch  reflector  in  July,  1*M5,  have  been  examined  with  the 
Zeiss  comparator  and  twelve  variables  have  l)een  f(^und  in 
different  ])art^  of  the  nebulosity.  Most  c)f  these  stars  are 
faint,  in  the  neighborhood  of  the  sixteenth  and  seventeenth 
ma.L^nitude.  and  as  a  rule  the  variatif^n  in  bri^^^htness  is  small, 
roughly  a  maij^nitude.  except  for  three  of  the  stars  where 
variations  from  two  to  three  magnitudes  are  shown. 
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A  Simple  Method  for  Determining  the  Color  of  a  Star: 

Frederick  H.  Seares. 
With  suitable  precautions  the  ratio  of  the  exposure  times 
necessar\*  for  the  blue  and  yellow  lig^ht  of  a  star  to  produce 
photojjraphic  imaj^es  of  the  same  size  is  a  reliable  measure  of 
the  star's  color.  The  precision  is  sufficient  for  even  a  sinf^le 
photop^^raph  to  show  the  greater  redness  of  stars  of  hig'h 
luminosity,   spectral   type   remaining  the   same. 

XoTKs  ON  Stellar  Cli'sters:  Harlow  Shapley. 
The  investigation  of  magnitudes  in  clusters,  reported  on  for 
Messier  13  a  year  ago.  has  been  extended  to  six  additional 
globular  systems.  For  Messier  3,  5,  and  13  a  study  of  the 
relation  between  color  index  and  mag^iitude  shows  that  the 
brighter  stars  in  all  of  these  clusters  are  redder  than  those  of 
the  15th  and  16th  magnitude,  a  result  confinning"  that  ob- 
tained for  Messier  13.  Preliminary  results  for  Messier  4, 
*\  and  14  also  agree  in  showing  the  decrease  of  color  with 
brightness.  The  absence  of  light-scattering  material  in  space 
is  verified  by  the  new  data.  In  Messier  9  some  new  variable 
stars  have  lx?en  found.  The  variables  in  Messier  3  are  found 
to  be  similar  in  color  to  the  isolated  cluster-type  variables, 
which  they  resemble  in  range  and  other  peculiarities  of  light 
variation. 

A  Relation  Between  the  Convergence  W.we-lencths  in 
Spectral  Series  ani>  the  Radii  of  Their  Respective 
Atoms  as  Compiteo  from  Einstein's  Photo- 
electric    EQrATI4)N     AND     BY     OtHER 

Methods:  Fernando  Sanford. 

It  seems  to  l)e  verv  definitelv  established  that  electrons  dis- 
charged  from  metals  under  the  stimulus  of  ultra-violet  light 
have,  after  leaving  the  metal,  velocities  such  that  their  kinetic 
enerpfies  are  |2^ven  by  Einstein's  equation,  Vimv'  =  hv — p. 
where  h  =  Planck's  constant,  v  =  the  vibration  frequency 
of  the  incident  light  and  p  =  the  work  required  to  remove 
an  electron  from  the  metal.  Before  leaving  the  metal  the 
encrj^'  of  a  discharged  electron  must  accordingly  have  been 
yimv'  =  hw. 
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If  this  energy  be  regarded  as  the  energy  of  revolution  of 
the  electron  about  its  electropositive  sub-atom  with  the  fre- 
quency of  the  incident  light,  it  can  be  shown  that  the  p)eriod 
of  rotation  would  be  proportional  to  the  square  of  the  orbital 
radius,  and,  hence,  if  this  electron  were  itself  a  source  of 
radiation,  the  wave-length  of  its  radiation  would  be  propor- 
tional to  the  square  of  its  orbital  radius. 

2ht; 
Thus  Ytxrw^  =  hv.     Hence  v'  = . 


m 


3  X  10*" 


h  =  6.57  X  10-'' 
m  =  10-" 

h 

—  =  6.57 
m 

6.57  X  6  X  10'"         39.4  X  10'* 


3  X  10'' 
Also   x=z2rr  Rv  z:z  6.28  X  X  R, 


355.3  X  10''*  X  R' 
.'ind  \"  = 


Ecinnting  these  two  vriliio>  of  v*  .'md  dividing  l)v  X,  wc  liave 

—  =i:  1.1  X  10-". 
\ 


Thr  .'il)o\'c  a.^.^tim|)tir)n  oi  elect roiis  revoK'inc^  in  elliptical 
or  circular  orhits  \v<ail(l  neces.^itate  the  assumption  of  a 
(iillerent  electronic  raditis  for  each  line  of  the  s])ectniin.  and 
would  not  etiahle  lis  to  say  anything'  definite  about  an  atomic 
ra<liiis.  Ilo\\e\er.  since  many  <)f  the  elements  have  s])ectral 
series  which  seem  to  converi^e  toward  a  shortest  prissihle 
wave-len.irth   for  that  particular  system,  we  mav  calculate  the 


ASTRONOMICAL  SOCIETY  OF  THE   PACIFIC.        195 

shortest  [K)ssible  electronic  radius  for  each  s|)ectral  series. 
The  fact  that  no  electron  can  revolve  about  the  |X)sitive 
nucleus  of  this  particular  system  closer  than  the  electron 
which  would  pive  the  convergence  wave-length  seems  to  jus- 
tify the  assumption  that  the  convergence  radius  represents  the 
true  ra<lius  of  the  central  electropositive  atom.  If  this  as- 
sumption be  correct,  the  convergence  wave-lengths  of  corre- 
si>on(ling  series  in  similar  elements  should  be  proportional  to 
the  scjuare  of  the  resjx^ctive  atomic  radii. 

rnf<^rtunately,  atomic  radii  can  Ix?  determined  only  approxi- 
niatclv.  llevdwciller  has  calculated  atomic  radii  for  a  con- 
'^ideral)le  number  of  atoms  from  the  refraction  constants  of 
their  ions  in  dilute  water  solutions,  using  the  I^orenz-Lorentz 
formula  and  adopting  the  assumption  made  by  the  authors  of 

n=— 1 
this  formula  that  the  ratio     ^        .^  represents  the  ratio  of  the 

real  to  the  apparent  atomic  volume.  Numbers  which  are 
generally  regarded  as  projx^rtional  to  the  atomic  radii  may 
also  he  obtained  by  taking  the  cube  roots  of  the  atomic 
volume  in  the  liquid  or  solid  state. 

It  is  shown  in  the  paper  that  the  atomic  radii  computed 
from  Einstein's  equation  are  approximately  twice  the  atomic 
radii  as  computed  by  Ileydweiller,  and  that  for  a  number  of 
groups  of  similar  elements  the  atomic  radii  computed  from 
the  convergence  wave-lengths  are  closely  proportional  to  l)oth 
Ileydweiller's  radii  and  the  cube  roots  of  the  atomic  volume. 

It  is  also  shown  that  in  the  Ritz  fonnula, 

N. 


I'  =  A  — 


b 

(n-ha-h  — )' 


n' 


not  only  the  convergence  wave-length  but  the  constant  **a'* 
may  Ix?  computed  from  the  atomic  radii.  In  the  case  of 
gaseous  elements  whose  atomic  volumes  are  not  known  this 
gives  still  two  methods  of  computing  atomic   radii. 

Rkcknt  Stkli-ar  SpKctr(kscopic  Rksilts:  Walter  S,  Adams. 

This   paper  contains  some  recent   detenninations  of  stellar 

()arallaxes  by  the  sjK'Ctroscopic  method,  including  observations 
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on  stars  of  measured  parallaxes  and  Barnard's  star  of  very 
large  proper  motion.  Also  results  for  the  radial  velocities  of 
some  of  the  large  proper  motion  stars  of  low  luminosity,  and 
a  discussion  of  their  motions  with  relation  to  spectral  type. 
Reference  is  made  to  a  few  spectroscopic  binaries  of  excep- 
tional interest. 

The  Measurement  of  Close  Pairs  of  Solar  Lines: 
Charles  E.  St.  John  and  L.  W.  Ware, 

This  is  a  study  of  the  errors  of  measurement  of  close  pairs 
of  solar  spectrum  lines  based  on  plates  taken  under  different 
conditions,  in  different  orders^  with  a  scale  ranging  from 
1.8  to  0.25  angstrom  per  mm,  and  measured  by  two  or  more 
observers  by  means  of  micrometer  settings  on  the  maxima 
and  on  the  edges  of  lines  and  by  microphotometer  curves. 

Whenever  lines  are  so  close  together  that  the  background 
between  them  differs  in  intensity  from  the  continuous  back- 
ground, a  tendency  toward  over-separation  appears,  more 
marked  for  the  closer  pairs.  For  pairs  with  components  of 
intcnsit)^  3  or  4,  the  limit  l)elo\v  which  the  effect  is  felt  in 
micrometer  measures  is  from  0.10  to  0.13  A  for  the  re_i;iMn 
investigated,  a3*H)() — A3270,  hein^"  less  for  the  sharper  cut 
lines  at  the  l)lue  end.  .\ny  condition  operating;  towards  loss 
o\  sharpness  in  dehnition— a  wideniui^  of  the  slit,  a  chan_L;"e 
from  l)est  focus,  exposure  or  development  not  adapted  to  the 
lines  under  consideration — tends  to  increase  the  error.  That 
the  last  of  these  affects  the  Ixowland  ])lates,  ex|)osed  and 
developed  for  the  jireneral  run  of  lines,  is  prohahle,  and  would 
explain  differences  such  as  those  found  for  the  21  \y<.uv> 
studied;  namely.  0.003.  0.008  and  0.013  .\  for  mean  separa- 
tions (A  {).17(),  0.145  and  0.073  A,  resi)ectively. 

The  <lifference  in  contrast  for  the  two  edi^'es  of  a  comi)onent 
of  a  close  ])air.  when  (Uie  edi^e  is  >een  at^ainst  the  dense  hack- 
i^^round  of  the  c<»ntinuous  s])ectrum  and  the  other  a,crainst  the 
less  (k'Usc  region  o\  overla])  hetween  the  two  com])onent<. 
shifts  the  estimated  position  of  the  maxinuun  of  such  a  line 
towards  the  side  of  c^reater  contrast.  The  result  is  a  meas- 
ured separation  sliohtly  too  lari^e,  l)ut  important  hecause 
svstematic. 
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The  Srr.cESTEn  MrriAL  Influence  of  Fraunhofer 

Line:  Charles  E.  St.  John, 

The  nnitiial  influence  of  Fraunhofer  lines  is  an  accepted 
(iechiction  froni  the  anomalous  dispersion  hypothesis.  For 
closely  adjacent  lines  the  assumed  dissymmetry  of  the  dis- 
l>ersion  bands  is  such  that  the  violet  and  red  components  of 
close  j)airs  are  displaced  to  the  violet  and  red.  respectively ; 
that  is.  the  separation  is  f^reater  in  solar  than  in  arc  spectra. 

The  mean  Sun  —  arc  displacement  for  213  stable  iron  lines 
of  proups  a,  b,  and  C4  of  the  Mount  Wilson  classification  is 
-i-0.(X)3^>  A :  that  for  30  lines  with  companions  at  an  average 
distance  of  0.31  A  to  the  red  is  +0.0042  A;  that  for  59  lines 
with  companions  at  an  average  distance  of  0.27  .\  to  the 
violet  is  +0.0040  .\.  The  three  values  being  equal  within 
the  limits  of  error  shows  the  absence  within  these  limits  of 
mutual   influence. 

The  separations  of  the  components  in  43  close  pairs  have 
been  measured  upcMi  separate  plates  for  the  Sun  and  arc.  The 
mean  separations  in  solar  and  arc  sj^ectra  are  0.231  and 
0.232  .\.  respectively.  The  equality  shows  again  the  absence 
of  a  measurable  mutual  repulsion. 

.\  comparison  of  the  Rowland  and  International  wave- 
lengths of  the  iron  lines  shows  for  tlie  violet  and  red  com- 
fxinents  of  close  pairs  apparent  displacements  of  0.007  and 
0.005  A  to  the  violet  and  red,  respectively,  (.\lbrecht).  The 
wave-lengths  of  the  104  lines  used  by  -\lbrecht  have  been 
measured  upon  plates  of  high  dispersion  with  neighboring 
isolated  lines  as  standards.  These  indicate  errors  in  Rowland 
which  are  systematic,  the  violet  and  red  components  of  close 
pairs  having  tabular  values  respectively  too  small  and  too 
large,  l^rge  and  small  Rowland  errors  correspond  to  large 
and  small  .\lbrecht  deviations,  the  coefficient  of  correlation 
being  +0.56  h^0.05.  The  probable  explanation  is  that  the 
errors  and  deviations  are  two  phases  of  the  same  phenom- 
enon. The  deviations  do  not  then  furnish  valid  prooi  of 
mutual  influence,  while  the  Sun  —  arc  displacements  and  the 
equality  of  separation  in  solar  and  arc  spectra  indicate  its 
absence  within  the  limits  of  error. 
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Observations  With  High  Dispersion  of  the  Line  A  6708 
IN  Laboratory  and  in  Sun-spot  Spectra: 

Arthur  S,  King. 

An  extended  series  of  experiments  with  the  arc  and  the 
electric  furnace  have  shown  that  the  line  A  6708  is  in  all  cases 
due  to  lithium,  the  hypothesis  that  calcium  under  certain 
conditions  might  show  such  a  line  being  disproved.  The  line 
is  highly  complex,  two  distinct  sets  of  components  appearing 
as  the  amount  of  vapor  in  the  source  is  changed. 

Measurements  of  a  strong  line  in  the  spectra  of  sun-spots 
showed  so  close  an  agreement  with  the  laboratory  measures 
of  A  6708  as  to  leave  little  doubt  that  lithium  is  present  in  the 
solar  atmosphere,  tho  apparently  able  to  show  its  spectrum 
only  in  the  cooler  regions  over  sun-spots. 

Note  on  Barnard's  Proper  Motion  Star:  R,  G.  Aitken. 

Micrometer  measures  were  made  with  the  36-inch  refractor 
on  June  14  and  June  20,  connecting  Barnard's  remarkable 
proper  motion  star  (R.  A.   17*»  54™;  Decl.  +  4°  27')   with 

the  S.7  ma.c^nitude  star,  R.  D.  +  4*^.3560,  which  precedes  it 
and  with  two  13tli  niaf;"nitude  stars  wliich  follow  it.  These 
measures  were  repeated  on  the  nights  of  July  22  and  26. 
From  these  measures,  coverinj^;"  a  period  of  37  days,  an 
annual  ])roper  motion  of  9". 48  in  position  an.q^le  344^.34 
results. 

Miss  Jessica  M.  Young  has  compared  two  ])lates  of  this 
star  taken  with  the  Crossley  reflector  on  June  20  and  Julv 
20.  and  ha-^  deduced  an  annual  proper  motion  of  8". 84  in 
354M4. 

These  results  are  of  interest  in  showing  the  possibility  of 
obtaining  ai)])roximately  correct  values  of  the  ])roper  motion 
of  this   remarkable   star  in  a  period  of  only  one   month. 

As  seen  in  the  3^'>-inch  refractor,  the  star  has  a  decided 
orange  color  and  is  alK)ut  10.5  magnitude. 

XoTi:  ox  Tiii^  Spi:cTR.\r>  Tvve  and  the  Radial  \'i:locit\' 
or  I'arxard's  Pr()Im:k  Motiox  Star:  IT.  U'.  Ca}npbcU  aiul 
J.  11.  .Moore.     See  i^age  207. 
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A  LiMiNous  Object  Seen  on  May  4,  1916:  C.  D.  Perrine. 
Sec  pap^e  176. 

A  LiMiNois  Object  Sispected  to  be  a  Comet:  A.  Estelle 
Clancy.     See  page  179. 

Recent  Observations  of  the  Diurnal  Change  in  the 
Refraction,  at  Lick  Observatory:  R.  H,  Tucker, 

The  purpose  of  the  observations  is  to  check  the  existence 
of  the  (liunial  change  in  refraction,  which  was  found  in  the 
reductions  of  earlier  fundamental  observations,  and  to  fill 
in  the  interval  of  three  hours  each  side  of  noon,  for  which 
detemiinations  were  lacking.  The  discussion  of  the  diurnal 
change  was  first  published  in  L.  O.  Bulletin,  No.  231,  in  1913. 

For  the  ntxm  values,  Polaris  and  p  Ursce  Minoris,  at  lower 
culmination,  have  been  generally  employed,  as  most  stars 
at  lower  altitudes  are  invisible  in  full  daylight  near  noon. 
.\  list  of  over  twenty  stars  of  large  zenith  distances,  both 
north  and  south,  has  also  been  observed,  giving  determina- 
tions of  the  refraction,  from  four  hours  preceding  sunset  up 
to  nearly  midnight. 

The  results  confirm  the  values  derived  from  the  funda- 
mental observations  of  1905  and  1906.  Observations  of 
zenith  distance  made  here  indicate  a  correction  to  the  Poul- 
kova  Refractions  of  appro.ximately  — Qf'.l  tan  Z.  D.  for  the 
night  work.  The  correction  begins  to  diminish  before  sun- 
rise, changes  sign,  and  reaches  a  value  of  approximately 
-^0".3  tan  Z.  D.  in  full  daylight. 

The  change  sets  in,  with  reversed  sign,  before  sunset, 
continuing  until  the  mean  value  for  the  night  is  reached. 

Diagrams  show  the  variations,  both  by  plotting  the  values 
of  individual  sets,  and  by  combining  all  the  observations  into 
hourlv  means. 

The  total  variation  is  about  one  per  cent  of  the  refraction 
correction. 

The  important  requirement  of  such  an  investigation  is  to 
free  the  results  from  the  effect  of  any  other  sources  of 
svstematic  error.  Thus  the  error  of  standard  star  declinations 
must   be    considered,   and   must   be   eliminated.      Graduation 
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errors,  variations  of  nadir  reading,  latitude  variation,  flexure 
and  bisection  errors  must  be  similarly  treated.  Also  the 
question  of  atmospheric  dispersion,  affecting  the  images  of 
bright  stars  at  low  altitudes,  has  been  investigated. 

Preliminary  Note  on  the  Determination  of  the 
Longitude  of  the  Students'  Observatory  by  Wireless 
Signals  from  Arlington  :    R.  T.  Craivford.    See  page  208. 

The  Chabot  Observatory  :  Charles  Burckhalter. 

The  Chabot  Observatory  was  presented  to  the  Board  of 
Education  of  Oakland  in  1884,  by  Mr.  Anthony  Chabot,  and 
was  to  be  forever  free  to  the  public  and  public  schools ;  the 
cost  was  about  fifteen  thousand  dollars.  The  location  was, 
unfortunately,  in  the  heart  of  the  city.  In  a  few  years,  when 
electric  lighting  was  in  general  use,  certain  kinds  of  work 
could  not  be  carried  on  until  after  midnight,  and,  later,  not 
at  all.  Then  the  director  asked  the  Board  of  Education  to 
move  the  Observatory  to  a  favorable  location,  or  close  it 
entirely.  Also,  if  movin^cf  prevailed,  to  add  a  lare^'e  telescope, 
as  the  ci,L;ht-incli,  wliile  a  fine  telesc()j)e.  had  conic  to  he  (mly 
of  \cr\'  moderate  size,  on  acconnt  of  the  u'reat  increase  in  size 
of  later  instrninent.s.  lioth  reconunendations  were  a|)i)r<)ved, 
and,  as  soon  as  ])ossil)le.  the   telesco])e   was  ordered. 

The  snccessfnl  l)i(lder  was  the  Warner  c^-  S\\a<ey  Co. 
for  Sl'M(M).  The  telescope  has  a  clear  a])ertnre  «»f  twenty 
inches,  with  a  focal  leni^'th  oi  twent\'-eii:^ht  feet.  The  ohjec- 
tive  i^  of  Jena  j^^la^s  ;  the  disk^,  in  leaving;  dennan}-,  missed 
the    Ijriti^h    l)]ockade    1)\'   only   three   days. 

Mr.  r>rashear.  the  maker,  declares  it  to  l)e  fnlly  the  ecinal 
in  li^ht-i^rasp  to  any  twent_\'-five  inch  lens  of  the  iLilass  here- 
tofore nsed.  This  wonld  lea\"e  hnt  f(»nr  refractors  in  this 
conntry  that  exceed  it.  The  instrnment  was  finished  in  time 
to  form  part  of  the  exhii)it  of  the  Warner  «!!v:  Swasey  Co.  at 
the    l*'x|)osition. 

Five  *^ites  were  < offered  to  the  lioard,  free,  and  the  Park 
Commission  offered  any  site  in  the  City  Parks,  hnt  none  of 
them  was  ahoi^rther  satisfactory.  A  site  was  finally  secnred 
for  S^(H)()  that    is   nearlv   ideal.      It   is   shielded    from   the   citv 
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lij^ht  by  an  intervening'  ridge,  and  the  topography  of  the 
surrounding  conditions  is  such  that  no  future  buildings  can 
seriously  interfere  with  the  Observatory.  It  is  freer  from 
fog  than  any  part  of  Oakland,  and  has  a  twenty-minute 
street  car  service,  with  five-cent  fare. 

The  site  contains  twelve  acres,  to  which  future  streets  will 
add  four  more. 

The  building  is  far  enough  advanced  to  use  the  telescope 
and  it  is  expected  to  continue  to  completion  as  soon  as  the 
budget  for  the  present  fiscal  year  has  been  passed. 

XoTKs  o\  Ckrtain  Doi'Bi-F.  Star  Orbits:  R.  G.  Aitken, 

A  revised  orbit  of  p  1111.  based  on  an  observed  arc  of 
JIO     was  presented.  The  elements  are: 

r  —  }S)2  vcars 
T=  1917.67 
c  =  0.33 
a  -  0"  23 
«=  127°  9 
I  =  ±  40.7 
n  -  59  0 

This  orbit,  which  offers  no  difficulties  to  the  computer, 
was  shown  as  a  contrast  to  the  orbits  of  double  star  systems 
in  which  the  inclination  of  the  orbit  plane  is  nearly,  but  not 
(juite.  *K)  .  and  the  eccentricity  (juite  high. 

Systems  of  this  type,  of  which  there  are  many  representa- 
tives, present  a  maxinnnn  of  difficulties  to  the  computer,  and 
it  i>  generally  impossible  to  calculate  a  satisfactory  orbit  until 
the  completion  of  at  least  one  revolution.  Half  a  dozen 
examples  were  shown,  including  2l  18(^»5.  f  Hootis,  for  which 
a  first  orbit  was  g^iven.  on  the  assumption  that  the  com- 
panion is  now  in  the  fourth  (juadrant.  The  resulting  ele- 
ments are : 

/'  =  139  vc.'»rs 

T  =  1S9S  5 

c  =  0  96 

a  =  0".?<9 

«  =  48^8 
I  =  ±  62  0 

n=  1588 

Kxcept  for  the  eccentricity,  these  elements  are  quite  un- 
certain, and  the  uncertainty  is  principally  due  to  the  lack  of 
measures  at  the  time  of  minimum  separation  and  to  the  dis- 
cordance of  the  observed  distances. 
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The  writer  believes  that  the  practice  of  making  measures 
under  poor  observing  conditions  or  with  inadequate  instru- 
ments is  largely  responsible  for  the  discordant  observations. 

Comet  b  1916  (Wolf) :  R.  T.  Crawford  and  D.  Alter. 
See  below. 

Note  on  Aethra  :    D.  Alter,    See  page  210. 

John  Winthrop  (1714-1779),  America's  First  Astron- 
omer AND  THE  Science  of  His  Period:  F,  B.  Brasch, 
See  page  153. 


NOTES  FROM  PACIFIC  COAST  OBSERVATORIES. 


Comet  b  1916  (Wolf). 

The  second  comet  of  the  year  1916  was  discovered  photo- 
graphically by  Wolf  at  Heidelberg,  the  evening  of  April  27th. 
It  is  of  peculiar  interest  in  several  respects. 

After  the  announcement  of  the  discovery  Professor  Barnard 
at  tlic  ^'erkcs  Ohservatory  found  that  he  had  the  object  on 
phites  he  had  taken  three  nights  previous  to  the  discovery 
plate  of  Wolf.  This  observation  of  April  24  is  the  earliest 
one  available. 

The  computations  show  that  at  discovery  the  comet  was 
about  4.1  astronomical  units  distant  from  the  Earth  and 
nearly  4.^)  astronomical  units  from  the  Sun,  distances  greater 
than  those  of  any  other  coiuet  at  the  time  of  discovery. 
Even  I  Ialle}'s  Comet,  whose  position  for  its  last  return  was 
(juite  accurately  known,  was  picked  up  on  this  return  when 
a  little  o\er  three  astronomical  units  away.  It  was  foimd 
eight  months  before  its  |)erihelion  passage  date,  while  Wolf's 
Comet,  altho  unexi)ecte(l.  was  discovered  nearly  fourteen 
UK^nths   l)efore    it   will   come    to   perihelion. 

(  )n  account  of  the  great  distance  at  tlie  time  of  discovery 
and  the  conseiiuent  ^low  motion  of  the  comet,  a  large  range 
of  so]uti(nis  was  ])os^ible  for  orbits  that  would  represent  the 
earl\'  ol)servations.  This  was  very  a])parent  in  the  progress 
of  the  first   computation^.     Were  it  not  for  the  fact  that  the 
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obMfvjiiionf  are  of  an  unusual  degree  of  accuracy  a  much 
lunKvr  arc  than  was  used  would  have  been  necessary  to 
'ibtain  even  an  approximate  idea  as  to  the  true  character  of 
the  orbit.  The  orbit  computed  at  the  Studenw"  Obser\-atory 
in  Berketcii-  is  bated  upon  observationi  of  April  24th.  May 
10th.  and  May  23d.  Thi*,  together  with  an  cphemeris  ex- 
tending to  Au)ruit  29.  has  been  published  in  Lick  Observatory 
Builttin  No,  2R2.  From  the  manner  in  which  later  observa- 
tions are  represented  by  this  orbit  it  will  be  noted  that  these 
elements  are  very  satisfactory  for  a  preliminary  orbit  and 
show  ver>'  approximately  the  character  of  the  path,  They 
arc  undoubtedly  good  enough  to  furnish  a  place  for  finding 
the  comet  again  about  the  first  of  December,  1916,  after  it 
will  have  passed  conjunction  (the  latter  part  of  October),  A 
second  orbit  will  therefore  not  1>e  computed  here  until  after 
the  comet  has  been  observed  again  in  December.  An  ephc- 
meris  based  upon  the  present  elemenis  will  tjc  comptited 
beginning  about  the  first  of  December  when  the  comet  will 
be  a  morning  object  about  an  liour  and  tw<enty  minutes  ahead 
of  the  Sun. 

Referring  again  to  the  range  of  solutions,  a  brief  sketch 
of  the  course  of  the  computation  may  be  of  interest.  The 
ftrst  three  observations  available  here  were  those  of  .April 
24lh.  May  4lh,  and  May  10th.  We  had  just  computed  an 
orbit  based  upon  these  obsen-ations  when  Van  BiesbroecWs 
elliptic  elemenu  were  received.  Ours  was  a  parabola  with 
an  inclination  of  95°  and  giving  a  perihelion  date  in  1914. 
This  parabola  represented  very  satisfactorily  not  only  the 
three  observations  upon  which  it  was  ba.ied  but  also  another 
obter^-atton  by  Barnard  made  May  6th.  These  two  sets  of 
dements  were  so  radically  different  that  it  was  decided  to 
withhold  our  parabola  and  wait  for  another  observation 
giving  a  longer  arc.  Cloudy  weather  at  Mount  Hamilton 
prevented  our  obtaining  an  observation  from  the  Lick  Ob- 
iervatorj'.  but  Director  Frost  of  the  Ycrkes  Observatory 
kindly  sent  us  one  of  May  2id  by  Van  Biesbroeck.  Using 
this  and  the  observations  of  .\pril  24th  and  May  10th  the 
elements  referred  to  as  giving  the  character  of  the  orbit  were 
computed. 
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As  Van  Biesbroeck's  elliptic  elements  (short  period)  also 
gave  a  satisfactory  representation  of  the  early  observations  it 
was  decided  to  investigate  what  period  would  be  possible  for 
an  ellipse  to  give  a  satisfactory  representation  of  the  observa- 
tions from  April  24th  to  May  23d.  We  used  Leuschner's 
Method  of  Conditioned  Solutions,  wherein  an  orbit  of  any 
chosen  period  can  be  forced  thru  three  right  ascensions  and 
two  declinations,  leaving  the  representation  of  the  remain- 
ing declination  to  show  the  degree  of  satisfaction  of  the 
conditioned  solution. 

Using  a  period  of  seven  years  the  orbit  came  out  prac- 
tically the  same  as  Van  Biesbroeck's,  but  left  a  residual  of 
31"  in  the  first  declination  (the  one  not  used  in  the  solution). 
Adopting  a  period  of  fifty  years  the  residual  in  the  first 
declination  amounted  to  7".  As  this  is  about  the  limit  of 
accumulated  error  of  observation  allowable  in  the  three  ob- 
servations (as  mentioned,  they  are  of  a  high  degree  of  ac- 
curacy) it  can  be  safely  said  that  the  available  observations 
can  not  be  represented  satisfactorily  by  an  ellipse  with  a 
period  much  less  than  fifty  years.  The  observations  used  are 
perfectly  rc])resente(]  by  an  (^rbit  sliq;htly  liy|x^rholic.  We  can 
tlierefore  safely  ^ay  that  for  the  observations  at  hand  the 
rani^e  oi  ])(>ssible  sohitions  is  from  an  ellipse  with  a  period  of 
about   tift\'   years   to   an   orbit   slic^htly  hyperbolic. 

An  ins|)ecti<)n  of  the  drawin^^  of  the  orbit  of  the  comet 
together  with  the  orbits  of  the  I^arth,  Mars  and  Jupiter  will 
reveal  se\'eral  interest iniT  pf>ints.  In  this  drawing  the  in- 
clination of  2?°  to  the  ecliptic  has  been  neglected. 

It  will  be  seen  that  at  discovery  the  comet  was  nearly  at 
Jupiter's  distance  from  the  Sim.  The  position  of  the  Earth 
at  the  time  was  snch  that  for  a  few^  months  following  dis- 
cover}- time  the  distance  between  the  comet  and  the  Earth 
\aried  Init  little ;  they  were  traveling  in  nearly  the  same 
direction,  and  the  Earth  going  the  faster  made  the  geocentric 
distance  increase.  Conjunction  will  be  reached  the  latter  part 
of  (  )ctober.  'idle  comet  will  undoul)tedly  be  lost  in  the  twi- 
light ear]\-  in  September.  .After  conjunction  the  comet  will 
])r(>l)ablv    be    re«  )1)ser\ed    a^    a    morning    object    in    December. 
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The  differences  in  right  ascension  between  the  comet  and  the 

Sun  at  this  time  are  as  follows: 

1916  Gr.  M.  T. 
Nov.  29.5 
Dec.  7.5 
Dec.  15.5 
Dec.  23.5 
Dec.  31.5 
Brightness  May  10=1.00. 

From  this  time  on  the  brightness  will  increase  rapidly  and 
the  comet  will  be  in  favorable  position  for  observation  during 
the  whole  of  the  year  1917,  coming  to  opposition  soon  after 
perihelion  passage,  which  occurs  1917,  June  16,  at  which  time 
the  comet  will  probably  be  visible  to  the  unaided  eye.  It 
will  be  visible  for  telescopic  observation  until  February  or 
March,  1918,  when  it  will  again  be  lost  in  the  Sun's  light, 
approaching  conjunction.  By  July  or  August,  1918,  it  is 
probable  that  the  comet  can  again  be  picked  up  and  observed 
with  large  telescopes  during  the  remainder  of  that  year,  when 
it  will  be  about  as  bright  as  at  discovery.  From  these  facts 
it  is  seen  that  the  comet  will  be  observable  over  a  stretch  of 
ncarlv  three  vears. 

Vov  the  sake  of  C(»m])lctencss  the  elements  |)ul)h.she(l  in 
Lick  Obsrrz'ufory  Bulletin  Xo.  jSj  are  repeated  here: 

7' =1917    Iiine   16.4806  Gr.  M.  T. 
co=z  120     ^7'  (I7".0  I 
1>=  IS.^     16    5S  .S  1  1916.0 
i  =    J5     40    06  .4  I 
log  ,;  =  0.22^)855 

It  may  l)e  a<l(le(l  that  the  phme  is  oriented  so  that  its  in- 
ehnation   to  the  e(|nator   is  only  2     3(V. 

To  show  how  well  our  orhit  is  holding"  and  to  attest  to  the 
i^reat  accuracy  of  the  ol)servations  at  hand  at  the  present  time 
the  followin^r  tal)le  of  ohservations  made  since  Mav  23  to- 
gether with  their  rei)resentation  by  the  or])it  is  here  i^iven  : 


c. 

oinet'.s  , 

;i|)l)arent 

(() 

-C) 

Ohsorver 

1016 

r,r.  M.  T. 

a 

5 

CDs  5Aa 

S5 

M.ty 

27.(y^^^ 

12h 

20  ni 

4.^'- 

.6 

-f4" 

18' 

17" 

—i)-.\ 

0" 

jarnard 

27. 70.^^ 

12 

20 

47 

.4 

4 

IS 

30 

-41.1 

Aitkcii 

2>^.(^SMy 

12 

2'^^ 

3S 

S 

4 

20 

28 

+  0.1 

^ 

\^an  liic'^hroeck 

May 

30.7000 

12 

^0 

10 

u 

4 

24 

51 

+  0.1 

'> 

\'aii  Hic*-.l)roock 

June 

4.71')7 

12 

2X 

47 

.0 

4 

.U 

47 

+  0.1 

+T 

\'an  Hic'^broeck 

17.M03 

12 

2^ 

50 

7 

4 

45 

12 

+  0.2 

-^1 

Barnard 

21  0700 

12 

2^> 

30 

) 

4 

45 

27 

+  0.1 

0 

Barnard 

24.6,V.O 

12 

30 

01 

.3 

4 

44 

43 

+  0.3 

4-  ] 

Barnard 

liiiu- 

2S.64IH) 

12 

30 

54 

7 

4 

42 

27 

+  0.1 

Barnard 

hilv 

1 .6550 

12 

31 

42 

.7 

4 

39 

49 

+0  .2 

Barnard 

lulv 

5.6369 

12 

32 

57 

7 

+  4 

35 

11 

+0.3 

Barnard 

R.   T.   Craw  FORI). 

Bcrkt'lcv  A^trrtnoinical   Dcpartnicnl.  t-x  * 

Ju]v"l7,  1916.  DixsMORH  Alter. 
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NOTE  ON  THE  SPECTRAL  TYPE  AND  THE  RADIAL 

VELOCITY  OF  BARNARD'S  PROPER 

MOTION  STAR. 

We    have    obtaiiied    sj)ectrogranis    of     Barnard's    proptjr- 

motion   star    ( R.   A.  =  17^   54",   Ded.  = +4°   21')    with   the 

vV)-inch  refractor,  the  collimator  section  of  the  orig^inal  Mills 

spectrop^raph.  a  60^^  prism  of  light  flint,  and  a  6-inch  camera, 

on  Seed  2^  plates,  as  follows : 

Gr.  M.  T.  Exposure  Observers 

1916    June  19.845  7»>  20™  Campl>ell  &  Moore 

July   31813  6    55  Shane  &  Paddock 

The  length  of  spectrum  is  6  mm.  from  calcium  K  to 
Iivdrogen  Wfi.  r)ne  mm.  at  Hy  corres[X)nds  to  154  angstrom 
units. 

The  first  ex|K>sure  recorded  the  s^^ectrum  in  measurable 
strength  from  43<X)A  to  the  red  of  H^,  and  showed  that  th<. 
tvfxr  is  Class  Mb.  The  second  exposure  recorded  the  .star 
spectrum  to  4000A  as  the  violet  limit,  and  in  measurable 
intensity  from  43(X).\  to  about  5000.\.  To  enable  us  to 
measure  the  displacements  of  the  lines  and  bands  on  the 
Hartmann  s|x*ctro-comparator,  we  photographed  the  spec- 
tnnn  of  a  Hcrcuiis  ( R.  A.  =  17^  10«,  Decl.  =  +14°.5, 
Class  Mb,  known  radial  velocity  — 32  km. /sec.)  with  the 
same  instruments. 

The  results  of  the  measures  for  radial  velocity  are,  with 
reference  to  the  solar  svstem : 

1916,  June  19  Measurer 

— 134  km. /sec.  Campbell 

—104        ••  Moore 

—  114        "  Moore 

Weight   1/2 

Measurer 

Campbell 

Moore 

Moore 

—134  Weight  1 

— 128  km    sec.  Weighted  mean 

The  first  plate  is  given  half  weight  because  the  seeing  was 
poor,  there  was  some  interference  from  clouds,  and  the 
Moon's  light  (four  days  past  the  full)  may  have  affected 
the  plate  very  slightly. 


-117 

1916,  July 

149  km  / 
—12.3 
—131 

31 
sec 
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A  comparison  of  the  spectrograms  of  a  Herculis  and  Bar- 
nard's star  shows  general  agreement  of  spectral  class,  but 
discordances  in  the  relative  intensities  of  several  absorption 
lines.     We  note  the  following  differences : 


Line 

In  a  Herculis 

In  Barnard's  star 

4227  Ca 

very  strong 

much  weaker 

4435  Ca 

strong 

stronger 

4455  Ca 

strong 

much  stronger 

4535  Ti 

strong 

stronger 

4395 

fairly  strong 

apparently  weaker 

4404 

fairly  strong 

apparently  weaker 

The  differences  described  are  apparently  the  indications, 
according  to  Adam's  discovery,  that  a  Herculis  is  a  *'giant" 
star  at  a  great  distance  from  us  and  Barnard's  star  a  "dwarf" 
comparatively  near  us.  A  20-hour  exposure  on  the  spectnun 
of  Barnard's  star,  using  a  16-inch  camera  in  combination 
with  the  60°  prism,  would  probably  permit  a  valuable  esti- 
mate of  the  parallax  of  the  star  to  be  made,  by  the  Adams 
method ;  but  unfortunately  the  requirements  of  our  other 
programs  prevented  the  devotion  of  twenty  hours  to  this 
purpose. 

As.siiminci:  that  the  \\.  1).  star  -j-"'-  -^^^^^^'  wliich  follow- 
Barnard's  star  by  '^  sccoikIs  of  time,  has  visual  iiiaj^nitiKlc 
^.7,  the  visual  niai^'uitude  of  ilarnard's  star  nuist  l)e  ai)])roxi- 
niately  10'_>.  Taking'  the  eolor  index  of  stars  of  spectral 
class  Ml)  to  he  2.  the  ])hotoi;ra])hic  magnitude  of  liarnard's 
star  is  therefore  about   12'_>. 

W.   W.   CAMPr.nrj.. 

T.    II.    M(»KK. 

F'Ri'.ra.M  ixARV    ]\i:im)kt  ox    tiii:   DinriRM  i  nation    oi-    thk 

r,ox(;nri)i-:  oi-  Tiii':  S'i'i'di: nts'  (  )i5si:r\'a'i'orv  \\\ 

WiRPUJ-tss  Si<",N\r,s  i-Ro.\r   ARUNivroN. 

In  the  s])rin.i^  of  l'M4.  while  \\'ashin^"ton  and  I^iris  were 
conducting*  their  longitude  cani])ai,i4n  ])\'  exchan^'e  of  wireless 
sii^nals  between  Arlini^ton  and  the  I'jtTel  Tower,  an  attempt 
was  made  to  deterniine  the  ditterence  in  longitude  between 
the  Students'  (  )l)servatory  at  lierkeley  and  the  V.  S.  X'aval 
(  )l)<ervator\'  at  \\'a>hinL:t'Mi  by  interce])tin.i^  the  Arlinj^ton 
si<;nals. 
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No  signals  could  be  heard  tintil  the  top  of  the  Sathcr  Cam- 
panile ( for  which  the  steel  frame  was  jitst  then  completed)  was 
used  ftM-  one  supitiirt  uf  the  receiving  aerial.  After  llie  aerial 
had  been  strung  from  the  Mechanics  Building  to  the  top  of 
the  Caippanilc  the  Arlington  signals  could  be  received.  How- 
ever, the  regular  Paris-Arlington  signals  came  along  about 
4  f.  M.,  at  which  time  there  was  so  much  wireless  business 
being  ijone  on  the  Pacific  Coast  that  these  signals  could  not 
be  detected  with  certainty.  Recourse  had  then  to  be  had  to 
the  10  P.M.  Arlington  signals  (7  p.m.  P.  S.  T.l.  These 
signals  were  observed  on  several  nights,  but  only  those  were 
used  which  came  on  nights  when  accurate  observations  for 
local  sidereal  time  were  obtained  with  the  new  Ramberg 
Transit  and  the  registering  micrometer,  so  that  wc  did  not 
have  to  trust  to  the  rate  ot  the  chronometer  which  was  some- 
what irregular.    Six  such  sets  of  observations  are  available. 

The  Washington  local  mean  time  of  sending  these  signals 
has  been  kindly  furnished  by  Captain  J.  A.  HiK^jewerff. 
U.  S.  N..  Superintendent  of  the  L'.  S.  Naval  Observatory. 

The  results  of  these  six  nights'  uhservatJons  are  exhibited 
in  the  following  table: 

V.  S,  NavaJ  Ohsly,    .Siudenls'  Obsiy 


D>ic 

Local  Mean  Time 

Li«al  Mciin  Ttmc 

Diff 

of  |..nB 

1914 

Sending 

Receiving 

W»shVBerlMley 

Wt 

Pel). 

21 

9*  51-  44.^1 

6*  SO*  57- 17 

3"  («»  47'  04 

3(1 

27 

4*23 

57.16 

47.11 

3.7 

Mar. 

3 

44  Jl 

57.17 

47.04 

3-7 

6 

44.28 

57  JO 

46  98 

Z6 

IS 

44.27 

57.16 

47.11 

42 

Apr. 

19 

44.41 

S7M 

47.07 

2.6 

H         Wl 


WeJKhiea  mnn  .  .   .  3"  00«  4>  06:^0  03 

The  weights  ^signed  have  been  computed  as  ilie  square 

root  of  the  product  of  the  number  of  coincidences  observed 

in  receiving  the  signals  by  the  number  of  stars  used  in  the 

local  time  determination  of  the  night. 

The  Washington-Greenwich  longitude  used  is  5*  8"  1 5" .78. 
L'sing  this  ami  the  value  of  Washington- Re  rke ley  just  found, 
we  have  for  the  longittidc  of  the  Students'  Observatory. 
Berkeley,  referred  to  Greenwich,  8»  9-  2',«4, 

Using  the  value  of  the  longitude  of  Washington  found 
from  the  Washington-Paris  work,  tis:  5*  8"  15'.72,  we 
would  have  8"  9-  2'.78  as  the  longitude  of  Berkeley,    Captain 
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Hoogewerff  writes  that  the  latter  value  of  the  longitude  of 
Washington  has  not  yet  been  adopted  for  use. 

Captain  Hoogewerff  writes  further  that  times  of  sending 
the  10  p.  M.  signals  cannot  be  connected  up  with  the 
Washington-Paris  work  very  rigorously  "on  account  of  the 
different  relay  lags  involved,  that  at  Radio  sometimes  amount 
to  about  0".01/' 

The  value  8*"  9™  2''.84  agrees  very  well  with  that  used  here 
for  several  years  past  (vis:  8^  9™  2'.82)  which  was  deter- 
mined by  connecting  up  with  the  U.  S.  Coast  and  Geodetic 
Survey  Observatory  in  San  Francisco. 

Because  of  the  uncertainty,  mentioned  by  the  Superinten- 
dent of  the  U.  S.  Naval  Observatory,  due  to  the  possible 
relay  lags,  the  value  of  the  longitude  of  the  Students'  Orser- 
vatory  heretofore  used,  vi:::  8^  9""  2'.82,  will  be  continued  as 
the  adopted  mean  value  until  further  notice. 

In  this  campaign  the  radio  work  was  ably  conducted  by  , 
Messrs.  R.  B.  Abbott  of  the  Department  of  Physics,  and 
H.  F.  Fisher  and  F.  E.  Pernot  of  the  Department  of 
Mechanical  Engineering.  The  local  time  determinations  were 
made  by  Messrs.  R.  T.  Crawford.  S.  Einarsson,  and  S.  R. 
Nicholson  of  the  l>erkeley  Astronomical  IX"];)artment.  The 
whole  cam])ai.c:n  was  directed  by  Professor  A.  O.  Leuschner, 
Director  of  the    Student^'   Observatory. 

R.  T.   Crawford. 

lierkoloN'  Astrnndinicnl  Dcp.irlnu-nt. 
July  is.  1916. 

()\    Till-:  Oriut  oi-    (132)    Aktiir.v. 

The  minor  planet  .Ictlira  was  discovered  by  Watson  in 
1873.  \\  atson  ol)sorved  it  on  six  nii^hts.  and  Tiorrelly,  Coii^i^ia 
and  Ste])han  of  the  Marseilles  ( )l)servatory  on  seventeen  con- 
secntive  ni,qhts  until  the  fifth  of  Jidy.  Since  then  it  has  not 
been  seen. 

W  idely  differinij^  orbits  were  published  by  Watson  and 
later  by  Luther.  The  values  of  the  mean  daily  motion  for 
these  rani;;e  frnm  843"  to  ^>80".  T.uther's  work  included  the 
computation  of  the  orbit  upon  several  assumptions  of  the 
mean  motion.  lie  computed  ephemerides  for  several  con- 
secutive vears  and  some  search  was  made  on  the  basi^  of 
them,  but  the  results  were  negative. 
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In  1913  an  object  was  photographed  with  the  40-inch 
reflector  of  the  Lowell  Observatory.  Later  this  was 
suspected  as  Aethra,  but  unfortunately  there  was  but  tlie 
one  observation. 

In  the  fall  of  1914  an  investigation  of  the  orbit  was 
begun  by  the  writer.  The  range  of  the  mean  daily  motion 
within  which  a  satisfactory  representation  could  be  obtained 
was  ver)'  carefully  investigated.  It  was  found  that  any  motion 
between  eight  and  nine  hundred  seconds  of  arc  represented 
so  closely  that,  when  the  discrepancies  of  the  observations 
were  considered,  there  was  an  almost  equal  probability  for 
any  of  the  values.  Indeed  a  much  larger  range  was  found 
to  be  possible. 

An  investigation  of  the  Lowell  observation  showed  that  it 
could  be  represented  closely  by  an  orbit  based  on  the  1873 
observations,  merely  choosing  that  mean  motion  which  best 
satisfied  its  right  ascension.  On  the  basis  of  this  orbit  ao 
ephemcris  was  computed  for  the  last  opposition.  Cloudy 
weather  interfered  with  the  search  at  the  Lick  Observatory 
and  the  writer  does  not  know  of  any  other  being  undertaken. 

The  above  investigation  was  published  as  Number  275  of 
the  Lick  Obscn^atory  Bulletins.  Since  that  time  the  work 
has  been  continued  and  has  yielded  one  or  two  quite  interest- 
ing results. 

A  slight  error  was  found  in  the  adopted  value  of  the  mean 
daily  motion  required  to  represent  the  1913  observation. 
This  error  changed  the  value  by  only  four  one-hundredths 
of  a  second  of  arc.  The  new  value  represents  the  declination 
more  closely  than  the  one  printe<l,  thereby  increasing  the 
probability  of  identity,  for  when  an  orbit  is  obtained,  as 
described  above,  the  reciprocal  of  the  S-residual  is  a  fair 
measure  of  the  probability  of  the  final  observation  being  of 
the  same  object  as  those  on  which  the  orbit  is  based. 

On  the  supposition  of  identity  between  Acthm  and  the 
object  observed  at  the  Lowell  Observatory,  it  is  found  that 
the  mean  daily  motion  of  Aethra  differs  less  than  four  seconds 
from  one-fourth  that  of  the  Earth.  As  a  result  of  this  near 
commensurability,  oppositions  at  which  the  planet  is  near 
perihelion  must  occur  at  the  same  time  of  year  during  long 


212  PUBLICATIONS   OF  THE 

periods  of  time.  Perihelion  is  in  that  part  of  the  orbit  where 
the  planet  is  far  south  of  the  ecliptic.  In  the  case  of  Aethra 
both  these  conditions  combine  to  cause  the  planet  to  be  always 
far  south  of  the  equator  when  near  perihelion.  The  great 
eccentricity  of  the  orbit  makes  this  a  very  serious  matter  for 
observers  in  the  northern  hemisphere.  For  such  oppositions 
as  last  year,  when  the  planet  is  far  north,  the  nearness  to 
aphelion  causes  it  to  be  faint.  When  it  is  bright  it  is  many 
degrees  below  the  equator.  This  explains  one  of  the  facts 
that  has  puzzled  those  who  have  studied  the  orbit.  How 
could  a  planet  which  becomes  as  bright  as  Aethra  does  at 
times  miss  accidental  observation  during  a  period  of  forty 
years?  By  explaining  this  circumstance  it  seems  to  the 
writer  that  the  probability  of  identity  is  much  increased. 

An  ephemeris  has  been  computed  for  the  coming  opposition. 
On  December  1st  the  declination  will  be  — 24°  and  the  magni- 
tude 10.6,  which  is  brighter  than  it  was  at  any  time  last 
year.  February  1st  it  will  be  41°  south  and  will  have  a 
magnitude  of  10.3.  During  March  and  the  early  part  of 
April  it  will  be  about  45°  south  and  have  a  magnitude  of 
ahniit  10.0.  ll  then  be^'ins  its  return  north,  coming;"  to  oT)]")<>si- 
tion  alxmt  May  1st,  A2  south  of  the  ef|iiator  with  a  ma.i^ni- 
tndc  of  *^*^.  Tlicse  nia*:;'iiittKlcs  are  based  on  the  1(S73  visual 
ol)^ervatinns  and,  accorchnm*  to  tlie  i.owell  ol)servati(^n,  should 
be  somewhat  brii^hter. 

It  is  worth  while  to  n<He  that  the  coming*  opposition  is 
similar  to  those  in  1873,  when  it  was  discovered,  and  in 
I'M 3  when  it  is  asstnued  to  have  been  reo])served.  It  will  be 
ver\'  eas}-,  es]K'cially  for  southern  observatories,  to  make  a 
search  that  will  settle  the  (|uestion  of  identity.  Xorthern 
ol)^ervatories  can  best  search  for  it  in  December,  five  months 
before    it   comes   to  opposition. 

Dins  MORE  Alter. 

Stiuk-nt^'  ( )1»Ncr\-.-it()ry. 

L"iii\  cr^J!  \'  of  California. 
1916.  July  2(1 

DivLIC.V  IT-:    K\RTI[    TriCMoRS. 

On  the  night  of  Atig"ust  IJ^,  l'M6.  a  continuous  series  of 
tremors  was  noted,  while  attempting  to  observe  over  the 
nadir   for   level   of   the   meridian    circle.      The   tremors    lasted 
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for  at  least  f^ve  minutes,  between  8^  52"  and  8^  57"*  P.  S.  T., 
iK'vcMui  which  interval  other  duties  required  the  observer's 
attention.  Fifteen  minutes  later  the  mercur>'  was  quiet  and 
the  vibration  had  evidently  ceased.  The  period  of  the  tremors 
was  short,  less  than  one  second ;  and  the  amplitude  was  esti- 
mated at  about  two  seconds  of  arc.  Both  amplitude  and 
l>erio<l  were  shorter  than  tremors  of  a  similar  character  that 
had  been  previously  noted  in  this  manner,  and  which  were 
assfKiated  with  earthquake  shocks,  either  of  moderate  in- 
tensity in  the  neighborhood  of  the  observatory,  or  of  severe 
intensity  at  p^reater  distances.* 

Xo  vibrations  are  recorded  on  the  sheet  of  the  larg^e  Wiech- 
crt  Seismog^raph  of  the  observatory,  and  it  appears  to  be 
probable  that  the  indication  g^iven  by  the  basin  of  mercury 
is  more  delicate  than  that  of  any  instrument  depending^  upon 
the  disturbance  of  the  equilibrium  of  a  balanced  weip^ht. 

Since  a  second  of  arc  corresponds  to  about  the  two- 
thousandth  part  of  an  inch,  over  the  mercury  basin,  the 
amplitude  of  the  vibrations  was  of  the  order  of  the  thousandth 
part  of  an  inch.  Rut.  as  the  tremors  noted  are  most  likely 
to  be  in  the  fomi  of  waves  passing  over  the  surface,  the 
amplitude  does  not  correspond  exactly  to  the  amount  of 
disturbance  in  the  strata  below. 

Such  tremors  in  the  mercurv  are  entirelv  different  from 
those  produced  by  a  shock  in  the  rock  supporting  the  instal- 
ment, or  from  those  produced  by  wind.  They  are  undoubtedly 
an  indication  of  vibration  in  the  rock  strata,  and  are  believed 
to  be  connected  with  some  earthquake,  perhaps  too  slight  to 
be   detected  by  other  means. 

August  21,  1916  R-   H.   TUCKKR. 

.\i)i)ENDrM  TO  Note  on*  the  Internal  Velocities 

OF  Nebula. 

In  the  last  number  of  these  Piblkwtions,  pages  119-120, 

in  a  note  concerning  observations  of  relative  velocity  within 

each    of    six    planetary    nebulae,    we    referred    briefly    to    the 

remarkable   form  of  the  bright   lines  in  the  spectrum  of  the 

•Scttnce.   1900.  Vol.  XI.  p.  217. 

•/'uh.   .Hitr.  Soc.   Pac.    1894.   Vol.   VI.  p.    184. 
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nebula  N.  G.  C.  2392  {a  =  7^  23".3).  The  particular  observa- 
tion referred  to  wat  made  by  us  on  the  evening  of  April  7, 
1916,  with  3-prism  dispersion  and  a  16-inch  camera  in  the 
regular  progress  of  the  program  which  we  had  made  out  for 
determining  nebular  rotations  or  relative  motions  within 
nebulae.  On  the  forenoon  of  that  day,  after  our  detailed  plans 
for  observing  this  object  that  evening  had  been  made,  Mr. 
Wright  informed  us  that  his  1 -prism  spectrogram  of  N.  G.  C. 
2932,  obtained  several  nights  earlier  on  a  fine-grained  plate, 
showed  nebular  lines  strongly  curved,  indicative  of  a  high 
velocity  of  the  central  part  of  the  nebula  with  respect  to  the 
ring.  Spectrograms  of  the  same  nebula,  obtained  by  him  on 
coarse-grained  plates  in  the  years  1914  and  1915,  showed 
corresponding  distortions.  Our  published  paragraph  on  the 
subject  should  have  stated  these  facts.  The  oversight  prob- 
ably arose  from  the  preparation  of  the  article  at  the  last 
minute  before  the  manuscript  had  to  go  to  the  printer. 

W.  W.  Campbell, 
July  7, 1916.  J.  H.  Moore. 


GENERAL  NOTES. 

Dr.  J.  C.  Duncan,  Instructor  in  Astronomy  at  Harvard 
Collci^e  and  formerly  a  Fellow  at  Lick  Observatory,  has  been 
app(Mnted  Professor  of  Astronomy  and  Director  of  the 
Observatory  at  Wellesley  College. 

The  new  \'an  \'leck  Observatory  of  Wesleyan  University 
was  dedicated  on  June  16,  1916.  and  the  addresses  given  on 
this  occasion  will  be  found  in  the  August-September  number 
of  Popular  .Istroiioinv.  The  new  observatory  is  the  gift  of 
Joseph  \'an  \deck  in  commemoration  of  his  brother,  John  ^L 
Wan  \deck,  who  was  Professor  of  Mathematics  and 
Astronomy  at  Wesleyan  for  nearly  sixty  years.  Dr.  Frederick 
Slncum  is  Director  of  the  Wan  \deck  01)servatory,  which,  in 
additic^n  to  its  use  in  connection  with  the  work  of  instruction 
at  Wesleyan,  will  devote  its  energies  mainly  to  the  determina- 
tion f)f  stellar  ])arallaxes.  The  main  instrument  is  an  excel- 
lent 18'j-inch  refractor,  mounted  by  W^arner  and  Swasey, 
and  e(]ui|)|)ed  \\ith  a  rising  floor.  The  completion  of  the 
lens  has  been  delaved  bv  the  war.  and  the  12-inch  lens  from 
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the  old  observatory  will  be  used  temporarily  in  the  new 
mounting.  The  observatory  possesses  in  addition  two  3-inch 
transits  and  a  very  complete  outfit  of  minor  instruments  and 
atuchments  for  the  work  of  instruction  and  research. 

The  nineteenth  meeting  of  the  American  Astronomical 
Society  will  be  held  in  the  Sproul  Observatory  at  Swarth- 
more.  Pennsylvania,  August  30  to  September  2,  1916.  This 
is  the  first  time  since  1911  that  the  Society  has  met  east  of 
the  Alleghenies.  A  good  attendance  and  a  full  complement 
of  papers  and  reports  is  expected. 

A  Coincidence. — In  a  note  to  the  editors,  Dr.  C.  D.  Perrinc 
calls  attention  to  a  remarkable  coincidence.  On  May  3.  1916, 
he  telegraphed  to  the  Harvard  College  Observatory  two 
observations  made  by  Dr.  Glancy  at  the  .\rgentine  National 
Observatory.  Cordoba,  which  were  supposed  to  be  of  Wolf's 
newly  discovered  comet.  Observing  conditions  on  both  nights 
were  quite  unfavorable.  On  the  night  of  May  3d,  with  good 
obser>-ing  conditions,  it  was  found  that  the  two  objects 
ob*erved  were  faint  nebulz.  similar  in  size  and  form,  the 
second  one  slightly  brighter,  which  were  so  placed  as  to 
correspond  closely  to  the  positions  lo  be  expected  from  the 
data  at  hand  of  Wolf's  Comet  on  the  two  nights! 

.•\  telegram  of  correction  was  at  once  sent  out- 

Receni  Publications. — Number  18.  Part  2,  of  the  Publications 
of  the  Cincinnati  Observatory  has  recently  been  distributed.  It 
contains  Part  II  of  the  catalog  of  proper  motion  stars.  In- 
cluding the  stars  to  fifteen  hours  right  ascension,  of  which 
a  notice  was  printed  on  p.  248  of  Volume  XXVII  of  these 

PrBI.IC.\TIO>tS. 

.\nothcr  volume  of  interest  is  Volume  XXI  of  the  Resulu- 
doB  del  Observatorio  Nacional  .^rgentino,  containing  the  ex- 
tension of  the  well-known  Cordoba  Durchmiisterung  thru 
the  zone  from  — 32"  to  — 62°.     .\bout  ninety  per  cent  of  the 

I  observations  for  this  volume  were  made  under  the  direction 
of  the  late  Dr.  Thome,  and  Dr.  Pcrrine  has  made  every 
tffort  "to  carr)-  out  Dr,  Thome's  plans  of  work  as  far  as  they 
eould  I>e  known." 
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REVIEW. 


Annals   of   thk   Dearborn    Observatory,    Northwestern 

University.     Volume   I.     Measures  of 

Double  Stars,  by  Philip  Fox. 

It  is  fitting,  as  Professor  Fox  says,  that  the  first  volume  of 
publications  of  the  Dearborn  Observatory  should  be  one  of 
double  star  measures,  for  the  18^ -inch  refractor  was  made 
famous  by  the  discovery  with  it  of  the  companion  to  Sinus 
by  Mr.  A.  G.  Clark,  and  by  the  work  of  Burnham  and  of 
Hough  in  the  discovery  and  measurement  of  a  large  number 
of  double  stars. 

The  introduction  consists  of  an  interesting  historical 
account  of  the  Chicago  Astronomical  Society  which  purchased 
the  telescope  in  1863  and  founded  the  Dearborn  Observatory. 
It  will  probably  be  a  surprise  to  many  astronomers  to  read 
that  this  societv  is  still  in  active  existence  and  that  the  title 
to  the  telescope  and  other  instrurhents  of  the  observatory 
remain  in  it.  The  society  itself,  however,  by  the  terms  of  an 
a.ciTccnicnt  a(i()|)tecl  in  1887,  became,  with  the  observatory  and 
instrnments,  a  (le|)artnient  of  the   Xorthwestern   I  niversitw 

]N)Il<)\vin^^'  this  historical  sketch  comes  an  acc<)nnt  of 
IVofessor  h'ox's  in\"estii,''ation  of  the  18'j-inch  ol)jcctive.  lie 
tested  the  lens  hy  the  Ifartmann  method  and  fonnd  that  the 
focal  leiii^th  for  the  center  and  e<li^e  is  somewhat  sh»>rter 
than  for  the  intermediate  zones.  v^nch  al)normal  zones  as 
exi^t  in  some  otlier  larLje  ohjectivcs  are  al)sent  from  the  iS'j- 
inch,  and  the  test  conthans  the  excellence  (^f  the  lens,  which 
had,  in  fact,  heen  fnlly  e^lal)lishe(l  by  the  discoveries  made 
with  it.  The  color-cnrve  of  the  objective  was  also  determined 
and  was  fonnd  to  he  similar  to  tho^c  of  the  he^t  vi^nal 
ohjectives. 

The  donhle  star  mea^nro.  all  made  ])y  Professor  F<^x.  fall 
int(>  fonr  ])arts,  the  tir^t  two  l)cin^"  com])lete  series  of  measures 
of  the  pairs  disco\-cre(l  h\-  Protessors  K.  S.  ITolden  and 
l\  Kiistner,  re^])ecti\el\  ;  the  third,  a  loni;'  series  of  measures 
of  nn'<cellane( 'Us  stars,  and  the  fmal  one  a  short  series,  of 
])aii"s  disc<'\-ered  h\'  the  anther.  In  [general  each  pair  was 
measnrecl   on   three   or   more   nijjhts,   a   sinirle   nii?"ht's   measure 
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C(m>^isti!^J^  of  four  settinj^s  for  position  an^lc  and  tlircc  or 
more  sc'ttinijs  for  doiihle  distance.  The  accordance  of 
measures  shows  that  the  error  of  nieasnre  is  small  and  that 
the^e  observations  will  rank  with  tlie  lK*st  of  donhle  star 
measnres. 

More  distant  companions  for  many  of  the  pairs  have 
U'en  measiire<l,  principally  to  snpply  <lata  for  proper  motion 
determinations,  and  the  resnlt  is  that  a  casiiaj  examination  of 
the  l)ook  leaves  the  impression  that  the  majority  of  the 
measnres  are  of  wide  pairs.  Closer  insix.*ction  will  show  that 
this  is  not  the  case.  The  present  writer  estimates  that  the 
volnme  contains  measnres  of  about  1,500  separate  systeins 
and  that  in  alM)ut  ^K)0  of  them  tlie  principal  pair  has  an 
ani^idar  se|)aration  of  less  than  3".  More  than  100  of  them 
have  measured  distances  of  less  than  V\  and  some  of  them, 
t\  .;^.  ()  i  ?>,  a|)proach  the  limit  of  the  telescope's  resolving 
power. 

When  one  reads  in  the  notes  such  remarks  as  "Tempera- 
ture — 16  F.".  "TemiK-rature  — 8  F.'\  etc.,  one  admires  the 
eiuhusiasm  that  warms  the  observer  but  conj^ratulates  one's 
scdf  on  iK'iniT  located  in  a  milder  climate.  ( )ther  notes  relate 
to  the  character  of  the  motion,  to  (juestions  of  identification 
an<l  to  (juestions  of  priority  of  discoverv.  One  c^r  two  of 
the  latter  notes  see!]i  to  point  to  a  belief  on  the  author's  part 
that  priority  slmnld  1k'  establisheil  by  the  date  of  first  observa- 
tion. There  are  arj^i^uiTients  in  favor  of  this  view,  but  the 
present  writer  is  strongly  of  opinion  tliat  the  date  of  publica- 
tion should  decide.  Karlier  observations  of  newly  anncnuiced 
double  stars,  as  of  comets,  proper  moticMi  stars,  etc.,  are  of 
j^reat  interest  and  value,  but  do  not  affect  the  (|uestion  of 
priority. 

In  the  Intro<luction.  it  is  stated  that  IVofessor  SafTord 
undertook  to  observe  tlie  zone  from  +40"^  to  4-*^3^  declina- 
tion for  the  A.  Ct.  Cataloj:^.  Tliis,  as  Professor  Fox  writes 
me.  should  Ix?  4-»^-^"  to  -f"^^-  Another  error  is  found  on 
l».   15.^.  where  2  20X4  is  called  £  Hcrculis  instead  of  f. 

It  may  Ix^  aded  that  the  pair  Fox  2il.  given  as  new  on 
p.  IKk  is  identical  with  A  227?*. 
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The  volume  forms  a  notable  addition  to  our  double  star 
literature,  and  it  is  a  pleasure  to  know  that  further  work  of 
the  same  high  quality  is  in  prospect. 

R.   G.   AlTKEN. 


MINUTES  OF  THE  MEETING  OF  THE  BOARD  OF 

DIRECTORS    OF    THE    ASTRONOMICAL 

SOCIETY  OF  THE  PACIFIC. 

Held  in  the  Rooms  of  the  Society  on  June  27,  1916, 

AT  2:15  p.  M. 
There    were   present    Directors    Cushing,    Curtis,    Cornish, 
Markwart  and  Richardson.     Gushing  in  the  Chair. 

A  resolution  was  introduced  by  Director  Curtis  providing 
that  the  Regular  Meeting  of  the  Society  for  the  month  of  June 
be  omitted.     Carried. 

Colonel  Thomas  L.  Casey,  U.  S.  A.,  was  elected  a  Life  Mem- 
ber of  the  Society. 

The  following  were  elected  as  Active  Members: 

Frederick  A.  Wilson, 
Lorenzo  L.   Snow, 
1).  S.  Swan. 
l>ernar(l    Uieneiifeld, 
Hans  ]>.   ilaner. 
The  f()ll()\vini^»"  were  elected  as  Student  Members: 

F.  j.   Xenbauer 

and 
C.  1).  Sbane. 
Tbe  Sinitli  Collei^e  (  )l)servatory,  of  lieloit,  Wis.,  was  elected 
as  an   Institutional  Member. 
Adjourned. 

0.    S.   RiCTI  ARDSOX. 

Secret  (try. 
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VO.  XXOL  Sn  Fmdtc*,  aitf«iii,  Dtcoiktr,  191f  fU.  IM 

THE  ADOLFO  STAHL  LECTURES. 

Particular  attention  is  directed  to  the  minutes  of  the  special 
meetings  of  the  Board  of  Directors  of  the  .Astronomical  So- 
ciety of  the  Pacific  which  are  printed  elsewhere  in  the  present 
number  of  these  Publications.  The  generous  gift  of  Mr. 
Adolfo  StahU  which  is  there  acknowledged,  will  enable  the 
Society  to  carry  out  more  efficiently  this  year  than  has  been 
possible  at  any  time  since  the  great  fire  of  1^X)6  one  of  its 
chief  functions:  to  stimulate  interest  in.  and  promote  the 
knowledge  of  astronomy  by  public  lectures  in  non-technical 
language. 

Mr.  Stahl  has  made  provision  for  six  such  lectures  to  be 
given  in  San  Francisco  during  the  present  season.  The  first 
one  of  the  series,  on  the  subject  The  Solar  System,  was  given 
by  Dr.  W.  W.  Campbell,  at  the  Xativc  Sons*  Hall,  on  Mason 
Street,  on  November  10.  The  dates,  subjects,  and  speakers 
for  the  other  lectures,  which  will  all  be  given  in  the  same 
hall,  are  as  follows: 

December  8,  1916,  Comets,  W.  \V.  Campbell ; 

January  12,  1917,  A  Total  Eclipse  of  the  Sun,  R.  G.  Aitken; 

February  9,  1917,  Double  Stars  and  Star  Clusters,  R.  G. 
Aitken ; 

March  9.  1917.  The  Xebulcp,  H.  D.  Curtis; 

April  6,  1917,  Hozv  Astronomical  Discoveries  are  Made, 
H.  D.  Curtis. 

All  of  the  lectures  will  be  illustrated  bv  lantern  slides  and 
will  be  free  to  the  public, — in  fact,  the  public  is  most  heartily 
invited  to  attend. 

The  lecture  on  The  Solar  System  follows ;  the  second  one 
of  the  series,  on  Comets,  is  printed  as  the  leading  article  in 
the  current  (December)' number  of  The  Scientific  Monthly; 
the  later  lectures,  in  whole  or  in  part,  will  be  printed  in  our 
Publications.  The  Publication  Committee. 
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THE  SOLAR  SYSTEM* 

By  W.  W.  Campbell. 

The  study  of  astronomy  begins  naturally  with  the  solar 
system.  The  solar  system  is  our  abode.  It  is  the  observing 
station  from  which  we  look  out  in  all  directions  to  the  great 
stellar  system.  The  solar  system  is  only  a  minute  detail  in 
the  structure  of  the  universe.  He  who  would  explore  the 
universe  should  begin  by  knowing  his  immediate  surround- 
ings. Our  visual  telescopes  could  show  us  sixty  or  seventy 
millions  of  stars,  distributed  over  the  whole  sky,  and  our 
great  reflecting  telescopes  could  photograph  possibly  two  or 
three  times  as  many.  With  only  one  exception  all  of  these 
stars  are  so  far  away  that  they  are  seen  as  mere  points  of 
light  in  our  most  powerful  telescope,  even  when  the  magnifica- 
tion is  nearly  3,000  diameters.  The  one  exceptional  star  is 
our  Sun.  It  alone  of  all  the  stars  can  be  seen  to  have  a 
"diameter."  It  alone  of  all  the  stars  can  be  studied  in  any 
geometric  detail  by  means  now  available.  This  is  because  our 
Sun  is  relatively  near  to  us.  The  next  nearest  star  known, 
Alpha  Centauri,  is  27S  thousand  times  as  far  away  from  us 
as  our  star  is.  It  we  would  know  what  the  stars  in  general 
are  we  should  beL;in  by  learning"  about  our  own  star.  That 
is  the  ehief  reason  why  there  are  solar  observatories  in  manv 
countries  of  the  world.  Those  institutions  are  occupie<l 
wholly  or  chietly  in  the  study  of  the  Sun.  ( )ur  Sun  is  an 
exceedin<.;Iy  interestini;'  bod}'  in  itself,  espeeially  for  l)eini;s 
who  live  in  the  solar  system,  but  its  main  interest  to  astrcMio- 
mers  lies  in  the  fact  that  knowledge  i»f  conditions  existiuij  in 
our  vSun  enal)les  us  to  draw  many  conclusions  concerning 
conditions  existing  in  millions  of  other  suns. 

It  is  not  our  ])ur|)ose  to  describe  the  solar  sy>tem  in  detail  : 
nor  shall  we  1)urden  the  lecture  by  quoting  the  enormous  dis- 
tances which  separate  the  heavenly  bodies:  astronomers  do 
not  com])rehen(l  them  any  better  than  the  laymen  do.  One 
or  two  distances,  one  or  tw<)  masses,  will  be  sufficient  to  serve 
as  scale  values  for  the  entire  system.  We  shall  make  it  our 
chief  concern   to  emphasize   the   characteristic    features   of   the 
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solar  system  so  that  we  may  comprehend  the  relation  of  its 
different  members  to  each  other,  and  the  relation  of  the  solar 
system  as  a  whole  to  the  great  stellar  system.  We  shall  try 
to  visualize  the  solar  system  as  it  exists  in  space,  highly 
isolated  from  all  other  members  of  the  stellar  system. 

The  solar  system  consists  of  the  great  central  Sun,  the 
eight*  major  planets  and  their  twenty-six  satellites,  the  more 
than  800  minor  planets  or  asteroids,  the  zodiacal  light  mate- 
rials, the  comets  and  the  meteors.  Only  one  other  class  of 
bodies  is  known  to  astronomers:  the  nebulae.  Now  many  of 
the  nebulae  are  far  out  in  the  stellar  system,  and  a  great  many 
others  may  be  outside  of  our  stellar  system.  Certainly  none 
of  the  nebulae  existing  today  have  a  direct  connection  with 
our  solar  system. 

We  have  said  that  the  Sun  is  one  of  the  ordinary  stars. 
Compared  with  the  thousands  of  other  stars  visible  to  the 
unassisted  eye  on  any  clear  night,  our  Sun  is  merely  an  aver- 
age star.  Nevertheless  it  is  a  very  large  body.  Its  diameter 
is  110  times  the  Earth's  diameter.  Its  volume  is  therefore 
1,300,000  times  the  Earth's  volume.  If  the  Sun  were  a  hollow 
shell  of  its  present  diameter,  we  could  pour  more  than  a  mil- 
lion Earths  into  it  and  still  leave  empty  the  space  between 
the  Earth-balls. 

The  average  density  of  the  Earth  is  five  and  a  half  times 
that  of  water.  The  average  density  of  the  Sun  is  only  a 
quarter  that  of. the  Earth;  that  is,  the  Sun  is  forty  per  cent, 
more  dense  than  water.  From  the  figfures  quoted  it  follows 
that  the  mass  of  the  Sun,  in  other  words,  the  quantity  of 
material  that  the  Sun  contains,  is  333.000  times  that  of  the 
Earth.  It  is  this  immense  mass  which  gives  the  Sun  its  tre- 
mendous gravitational  power,  a  power  sufficient  to  maintain 
the  planets  in  their  elliptic  orbits  around  it. 

At  an  average  distance  of  ninety-three  millions  of  miles 
from  the  Sun  are  the  Earth  and  its  Moon.  The  Earth-Moon 
system  revolves  once  around  the  Sun  in  what  we  have  agreed 
to  call  our  year.  To  complete  the  circuit  in  the  year  requires 
the  Earth  to  travel  a  little  more  than  eighteen  miles  and  a 


'These  are  the  numbers  known  to  cxiat  in  the  year   1916 
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half  per  second.  Between  the  Earth  and  the  Sun  are  two 
known  planets,  Mercury  and  Venus,  Mercury  is  a  little 
planet,  3,000  miles  in  diameter,  whose  average  distance  from 
the  Sun  is  about  three-eighths  the  Earth's  distance.  It  is  so 
close  to  the  Sun  that  it  must  travel  very  rapidly  in  its  orbit, 
an  average  of  twenty-eight  miles  per  second,  to  keep  from 
being  drawn  into  the  Sun.  Relatively  few  people  have  seen 
Mercury.  It  does  not  get  very  far  away  from  the  Sun,  but 
if  observers  know  when  it  is  going  to  be  at  its  greatest  dis- 
tance east  of  the  Sun  shortly  after  sunset  and  west  of  the  Sun 
shortly  before  sunrise,  they  would  have  no  difficulty  in  seeing 
the  planet  as  a  first 'magnitude  star  low  in  the  sky,  ^nd  small 
telescopes  would  show  the  planet's  disc. 

The  planet  Venus,  whose  orbit  lies  between  those  of  Mer- 
cury and  the  Earth,  is  for  those  who  live  on  the  Earth  the 
most  brilliant  of  all  the  planets.  It  is  just  a  shade  smaller 
than  the  Earth  in  size.  The  Earth,  as  you  know,  is  a  little 
over  7,900  miles  in  diameter.  The  diameter  of  Venus  is 
7,700  miles.  It^  distance  from  the  Sun  is  not  quite  two-thirds 
the  Earth's  distance.  It  requires  seven  and  a  half  of  our 
iiioiitlis  t<»  complete  its  journey  around  the   Sun. 

Coino-  i>ut\\ar(l  from  the  Earth  we  come  to  our  interestine: 
neii^hlxir  Mars.  It  is  hfty  jx^r  cent,  farther  from  the  Sun  than 
we  are,  and  its  year  is  a  Httle  under  two  of  our  years.  Its 
(Hameter  is  slii^'^htly  more  than  one-half  the  Earth's  diameter — 
ahout  4.200  miles.  It  is  therefore  a  little  lar.c:er  than  Mercury 
aii<l  a  ,(^ood  deal  smaller  than  rrjiiis  and  the  luirth.  It  ha< 
t\\'»  tin\-  moons.  1die  smaller  one  is  only  eii^ht  or  ten  miles 
in  diameter,  and  the  lar,q"er  one  less  than  forty  miles.  The 
surtace  areas  of  these  little  satellites  are  smaller  than  some  of 
the  C( 'Unties   in   California. 

Next  in  or(k'r  of  distance  from  the  Sun  are  the  asteroids, 
or  little  planets.  The  tirst  one  was  discovered  on  the  first  day 
of  the  la^t  century,  and  up  to  the  |)resent  time  more  than  80(3 
l];i\c  \k\']]  f-amil.  It  is  not  an  uncommon  thin,^  for  ten  or 
tiiucn  ol  tlicsi"  IxmHcs  to  he  discovered  in  a  simple  vear,  hv 
iiiean-  of  ph<  itn^raj ihy.  The  first  one  discovered  is,  so  far  as 
w  c-  know,  ihe  lar-e^t  :  a  little  less  than  500  miles  in  diameter. 
Tile  smallest  oiu-s  are  certainlv  less  than  ten  miles  in  diameter. 


ASTRONOMICAL  SOCIETY  OF  THE  PACIFIC.       225 

The  largest  of  our  planets  is  Jupiter,  whose  average  dis- 
tance from  the  Sun  is  a  little  over  five  times  the  Earth's 
distance.  Jupiter's  diameter  is  eleven  times  the  Earth*s.  Its 
volume  is  therefore  thirteen  hundred  times  the  Earth's  vol- 
ume, and  if  that  planet  were  a  hollow  shell  you  could  pour 
more  than  one  thousand  Earth's  into  it.  Jupiter  requires 
nearly  twelve  years  to  complete  its  circuit,  at  an  average 
speed  of  eight  miles  per  second.  This  great  planet  is  known 
to  have  nine  satellites.  The  four  bright  moons,  visible  even 
with  opera  glasses,  were  the  first  celestial  bodies  discovered 
by  Galileo  and  his  telescope — in  the  year  1610.  It  is  of 
special  interest  to  Californians  to  note  in  passing  that  the 
fifth  moon  of  Jupiter  was  discovered  with  the  36-inch  re- 
fractor  of  the  Lick  Observatory  in  1892;  the  sixth  and 
seventh  moons  with  the  Crossley  reflector  of  the  Lick  Ob- 
servatory in  1904-5;  and  the  ninth  satellite  with  the  Crossley 
reflector  in  1914.  The  eighth  was  discovered  at  the  Royal 
Observatory,  Greenwich,  in  1908. 

Still  farther  from  the  Sun  is  Saturn  with  its  wonderful  ring 
system  and  nine  known  moons.  Its  diameter  is  nine  times 
that  of  the  Earth,  and  it  goes  once  around  the  Sun  in  a 
little  less  than  thirty  years.  Maxwell  and  Keeler  proved  that 
the  ring^  are  a  great  collection  of  littlt  moons — probably 
millions  of  them. 

The  six  major  planets  already  named  were  well  known  to 
the  ancients.  References  to  them  are  frequent  in  the  extant 
literature  of  the  nations,  past  and  present.  The  planet  next 
in  distance,  Uranus,  was  discovered  by  Sir  William  Herschel 
in  1781  in  one  of  his  famous  sweepings  of  the  heavens.  It 
is  nineteen  times  as  far  from  the  Sun  as  the  Earth,  its 
diameter  is  four  times  the  Earth's,  and.  traveling  four  miles 
per  second,  it  recjuires  eighty-four  years  to  complete  the 
circuit  of  the  Sun.     It  has  four  known  satellites. 

The  discovery  of  the  next  planet,  Xeptune,  was,  as  you 
know,  a  great  event  in  the  history  of  astronomy.  Uranus 
did  not  follow  precisely  the  path  marked  out  for  it  by 
astronomers,  and  Adams  of  Cambridge  in  1845,  and  I^ver- 
ricr  of  Paris  inckjpendently  a  year  later,  proved  that  the 
discrepancies  in  its  motion  could  be  caused  by  the  attractions 
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of  an  undiscovered  planet  farther  from  the  Sun  than  itself. 
They  computed  the  position  of  the  undiscovered  planet. 
Adams  tried  to  enlist  the  services  of  the  greatest  telescopes 
in  England  to  discover  the  body,  but  his  advice  and  requests 
were  neglected.  It  is  especially  appropriate  in  thjese  days  of 
war  between  the  nations  to  note  this  illustration  of  the  inter- 
national character  of  astronomical  research:  Leverrier  of 
Paris  requested  Astrofiomer  Galle  of  Berlin  to  search  for  the 
new  planet,  with  the  largest  telescope  on  the  continent.  Galle 
found  the  planet  on  the  first  night  of  the  search,  almost  ex- 
actly where  Leverrier  said  it  would  be.  Neptune  is-  a  little 
over  four  times  the  Earth  in  diameter,  and  tie  requires  165 
years  to  travel  through  his  orbit.  He  has  gone  less  than 
half  way  around  the  Sun  since  his  discovery.  Neptune  has 
one  known  moon. 

It  is  not  impossible  that  other  planets  more  distant  than 
Neptune  are  revolving  around  the  Sun.  Several  astronomers 
have  devoted  much  time  to  searching  for  them. 

The  Earth-Moon  system  is  a  unique  combination,  in  that 
the  two  bodies  are  more  nearly  of  the  same  size  than  are 
any  otlier  ])lanet  and  its  satellites.  1'he  Moon's  diameter  is 
considerably  over  a  fourth  of  the  Earth's  diameter.  It  re- 
(juired  the  W'ashin.q'ton  2r)-inch  telescope  to  discover  the  two 
tiny  nioons  of  Mars,  hut  an  astronomer  on  Mars  or  on  J\^}}us. 
when  those  planets  are  in  favoral)le  positions,  would  not  need 
any  telesco]^  at  all  to  see  the  Pvarth  and  its  Moon  as  a  double 
])lanet — the  only  double  planet,  so  to  speak,  in  the  solar 
system. 

It  is  a  most  remarkable  fact  that  all  of  the  eight  major 
planets  and  all  of  the  more  than  800  asteroids  revolve  around 
the  v^un  in  the  same  direction,  which  astronomers  have 
a.^Teed  to  call  from  west  to  east.  There  is  no  exception  to 
this  rule.  It  is  an  equally  remarkable  fact  that  the  eig^ht 
planets  revolve  in  orbits  lyin.q"  nearly  in  the  same  plane,  and 
that  the  averai^'e  ])osition  of  the  orbital  |)lanes  of  the  800 
asteroids  coincides  closely  with  the  averai.ie  for  the  eie^ht 
planets.  Let  us  refer  the  ])lancs  of  the  orbits  of  the  planets 
and  asteroids  to  what  we  may  call  the  average  plane  of  the 
])lanets'    orbits.      Mercury's   orbit    is    inclined    six    degrees    to 
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the  average  plane,  and  Venus's  orbit  two  degrees.  The  orbit 
planes  of  the  other  five  planets  are  inclined,  without  excep- 
tion, less  than  two  degrees  to  the  average  plane  of  the  system. 
The  orbit  planes  of  a  few  of  the  little  asteroids  are  inclined 
as  much  as  thirty  or  forty  degrees  to  the  plane  of  the  sys- 
tem, but  the  great  majority  of  the  asteroids  do  not  get  far 
from  that  plane. 

Other  striking  and  related  facts  are  these:  The  Sun 
rotates  on  his  axis  from  west  to  east.  We  do  not  positively 
know  the  directions  of  rotation  for  Mercurv  and  Venus,  but 
there  are  reasons  for  thinking  that  their  direction  is  also 
from  west  to  east.  Our  Moon  revolves  around  the  Earth 
from  west  to  east,  and  the  Earth  and  Moon  both  rotate  on 
their  axes  from  west  to  east.  i\fars  rotates  from  west  to 
east,  and  his  two  moons  revolve  around  the  planet  from  west 
to  East.  Jupiter  and  Saturn  rotate  on  their  axes  from  west 
to  east,  but  in  the  satellite  systems  of  these  planets  and  in 
the  systems  of  Uranus  and  Keptune  we  come  upon  exceptions 
to  the  west-to-east  rule.  The  seven  inner  satellites  of 
Jupiter  revolve  from  west  to  east,  but  the  eighth  and  ninth 
satellites,  which  are  farther  out  from  the  planet  than  the 
other  seven,  travel  from  east  to  west.  The  eight  inner 
satellites  of  Saturn  travel  from  west  to  east,  but  the  far-out 
ninth  reverses  the  direction.  The  four  moons  of  Uranus 
revolve  around  that  planet  in  a  plane  which  is  nearly  at  right 
angles  to  the  average  plane  of  the  planets,  and  the  plane  of 
the  satellites  of  Uranus  is  probably  the  approximate  plane  of 
the  equator  of  that  planet.  The  satellite  of  Keptune  revolves 
around  its  planet  from  east  to  west  in  a  plane  inclined  at  an 
angle  of  thirty-five  degrees  with  the  plane  of  the  planets. 
We  should  note  that  the  exceptional  cases  refer  to  the  outer- 
most planets  of  the  solar  system.  Uranus  and  Keptune,  and 
to  the  outermost  satellites  in  the  systems  of  Jupiter  and 
Saturn.  Ever>'where  else  in  the  solar  system  prevails  the  rule 
of  motions  of  revolution  and  rotation  from  west  to  east. 

The  solar  system,  of  great  extent  in  the  plane  of  the  sys- 
tem, is  an  exceedingly  thin  system.  Let  us  call  the  distance 
from  the  Sun  to  the  Earth  one;  then  the  distance  from  the 
Sun  to  the  outermost  planet,  Keptune,  on  the  same  scale  is 
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thirty,  and  the  diameter  of  Neptune's  orbit  is  sixty.  Now 
our  system  of  Sun,  planets,  satellites  and  asteroids  lies  so 
nearly  in  one  plane  that  we  could  put  it  in  a  very  flat  band- 
box, sixty  units  in  diameter  and  one  unit  in  thickness,  so 
that  the  major  planets  and  their  satellites,  and  all  the  aster- 
oids, with  a  very  few  exceptions,  would  perform  their 
motions  entirely  within  the  box.  The  exceptional  asteroids 
and  the  majority  of  the  comets  would  dip  out  of  the  box  on 
one  side  or  the  other  because  the  planes  of  their  orbits  make 
considerable  angles  with  the  central  plane  of  the  solar 
system. 

I  want  to  call  your  attention  as  forcibly  as  possible  to  the 
extreme  isolation  of  our  system  from  other  systems.  If  it 
is  one  unit  of  distance  from  the  Sun  to  the  Earth  and  thirty 
units  from  the  Sun  to  the  outermost  of  our  planets,  Neptune, 
it  is,  on  the  same  scale  275,000  units  to  the  nearest  star  of 
which  we  have  any  knowledge,  Alpha  Centauri.  It  is  about 
400,000  units  in  an  entirely  different  direction  to  our  second 
nearest  neighbor,  and  so  on.  Most  of  the  comets  and  some 
of  the  meteors,  as  we  shall  learn  in  the  next  lecture,  travel 
out  much  farther  from  the  v^un  than  Xcf^tioic  is;  but.  aside 
from  some  of  the  comets  and  meteors,  we  do  not  know  that 
there  is  anythinj^'  in  s])ace  l)et\\een  Xcptunc.  tliirty  units  from 
the  Sun,  and  the  nearest  star,  several  hundred  tliousand  units 
from  the   v'sun. 

Let  us  ilhistrate  our  isolation  in  still  another  wav.  I-ii^ht 
travels  from  the  Sun  to  the  l{arth  in  eiij:"ht  and  one-third 
minutes,  and  from  the  Sun  to  Xcf^tiiiic  in  four  and  a  half 
hours;  but  it  re(|uires  four  and  a  half  years  to  travel  from 
our  v^nn  to  the  next  nearest  star,  .llf^liu  Centauri.  The  dis- 
tance of  ,llplni  Coitaitvi  is  descril)ed  as  four  and  a  half 
li^"ht-years.  The  a\era:^e  distances  l)etween  the  star.s  are  six 
or  seven  or  ei,i;ht   lijji'ht -years. 

It  mu.st  be  clear  that  the  stars  and  the  planets  occuj)y  little 
space,  and  that  the\'  ha\e  a  su])erabundance  of  room  to  move 
about.  We  have  l<>und  that  the  averac:e  s|)eed  oi  the  naked- 
eye  stars  in  their  moti<»ns  thru  space  is  about  sixteen  miles 
per  second,  which  means  that  if  one  star  should  start  to 
travel    ])recisely    toward    its    nearest    neighbor,    assumini^    its 
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nearest  neighbor  to  be  at  the  average  distance,  it  would 
require  some  eighty  thousand  years  to  arrive  at  its  destina- 
tion. Now  the  diameter  of  our  Sun,  an  average  star,  is  not 
more  than  one  fifty-millionth  as  great  as  the  average  distance 
between  neighboring  stars.  Under  such  conditions  it  is  not 
difficult  to  see  that  a  collision  of  two  stars  must  be  an  ex- 
ceedingly rare  event.  The  approach  of  two  stars  so  close  as 
to  disturb  each  other  violently  must  also  be  rare.  However, 
when  we  consider  the  number  of  stars  in  the  stellar  system, 
we  should  perhaps  expect  a  few  close  approaches  to  occur 
within  a  human  lifetime. 

The  researches  of  the  early  astronomers  were  confined 
almost  exclusively  to  the  solar  system.  Their  small  and  im- 
perfect telescopes  lacked  the  power,  and  their  methods  lacked 
the  accuracy  for  attacking  the  problem  of  the  distant  stars. 
They  made  a  specialty  of  the  motions  of  the  bodies  which 
compose  the  solar  system,  of  their  forms  and  dimensions, 
and  of  their  orbitSL  Their  labors,  supplemented  by  that  of 
astronomers  still  living,  have  been  so  thoro  and  complete 
that  we  can  predict  the  motions  of  the  planets  around  the 
Sun  and  the  motions  of  the  satellites  around  the  planets  with 
very  great  accuracy.  It  would  be  possible  to  compute  the 
point  in  the  sky  which  the  planet  Jupiter  will  occupy  one 
hundred  years  from  this  evening,  and  the  telescope  could  this 
year  be  directed  to  that  point  so  accurately  that,  on  looking 
thru  the  telescope  one  hundred  years  from  tonight  when  the 
clock  said  the  precise  second  had  arrived,  the  planet  would 
be  seen  very  close  to  the  center  of  the  telescopic  field  of 
view.  The  eclipses  of  the  Sun  are  computed  so  accurately 
that  the  astronomer  may,  if  he  chooses,  go  years  in  advance 
to  the  proper  point  for  observing  a  given  eclipse  and  direct 
his  telescope  so  precisely  to  the  position  which  the  eclipsed 
Sun  will  occupy  as  to  witness  the  phenomenon  when  it 
arrives,  without  more  than  a  minute  change  in  the  pointing 
of  his  instrument.  The  pointing  of  the  instrument  would 
probably  not  be  exactly  right,  because  the  Moon  deviates  a 
little  from  the  path  laid  down  for  it ;  astronomers  do  not 
know  why.  It  has,  in  fact,  been  suggested  that  the  Moon's 
motion    may    be   affected    slightly   by    some    force   or    forces 
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whose  nature  has  not  yet  been  determined.  There  is  like- 
wise an  appreciable  discrepancy  in  the  motion  of  Mercury, 
Whether  this  discrepancy  will  ever  be  removed  by  virtue  of 
a  more  complete  application  of  Newton's  law  of  gravitation 
to  the  problem  is  uncertain ;  some  other  force  than  gravita- 
tion may  be  acting,  but  it  need  be  only  a  very  minute  force. 

The  zodiacal  light,  a  faint  illumination  of  the  sky  visible 
above  the  Sun  when  the  Sun  is  a  few  degrees  below  the 
horizon,  is  an  interesting  phenomenon  surrounding  the  Sun. 
There  is  no  reason  to  doubt  that  the  zodiacal  light  which 
we  see  comes  originally  from  the  Sun,  and  that  this  light 
falls  uf)on  and  is  scattered  by  finely  divided  material — dust 
grains  or  very  small  bodies  in  great  numbers  which  revolve 
around  the  Sun,  each  such  particle  in  effect  a  little  planet. 
This  material  is  distributed  thru  a  great  volume  of  space, 
somewhat  in  the  shape  of  a  double-convex  lens  whose  cen- 
ter coincides  with  the  Sun  and  whose  edge  extends  out 
even  farther  than  the  Earth's  orbit.  Its  shorter  dimension 
extends  so  far  to  the  north  and  to  the  south  of  the  Sun  that 
northern  observers,  well  situated,  may  see  the  zodiacal  light 
at  nii(lnii,'']n  in  May.  June  and  July  above  the  northern 
horizon. 

Bcloi^Q^in^  to  the  solar  system  also  are  the  comets,  which 
pass  around  the  Sun  in  orl)its  for  the  most  part  very 
elongated.     \\'e  shall  study  the  comets   in  the  next  lecture. 

There  are  the  meteors,  many  of  which  revolve  around  the 
Sun  in  orl)its  which  mark  them  as  members  of  the  Sun's 
system.  It  is  ])rol)able  that  some  oi  the  meteors  are  merely 
l)assini^  thru  the  vSun's  system  and  are  not  of  it.  Occasionally 
a  meteorite  ,qets  down  thru  our  atmos|)here  to  the  Earth's 
surface,  is  found,  and  is  installed  in  a  museum;  but  many 
millions  which  collide  with  our  atmosj)here  every  twenty- 
four  hours  are  consumed  by  the  friction  of  the  Earth's  atmos- 
phere and  lose  their  identities. 

The  distribution  of  the  material  in  the  solar  system  is  most 
remarkal)le.  \early  all  of  it  is  in  the  v^un.  If  we  add  to- 
i^ether  the  masses  of  the  majc^r  planets,  their  satellites,  the 
hundreds  of  asterfuds,  make  lil)eral  allowance  for  the  masses 
of  the  comets,  meteors  and   zodiacal-lii^ht  materials,  and  call 
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the  total  one,  thfn  the  mass  of  the  Sun  on  the  same  scale 
is  744;  that  is.  of  745  parts  of  matter  composing  our  solar 
system  744  parts  are  in  the  Sun  and  only  one  part  is  in  the  " 
bodies  revolving  arotmO  it.  To  state  this  in  another  way: 
ninety-nine  and  six-stvcnths  per  cent,  of  the  material  of  the 
solar  system  is  in  the  Sim.  and  only  one-seventh  of  one  per 
cent,  is  divided  up  to  make  the  planets,  satellites,  asteroids, 
etc.  The  four  onter  planets,  hipiler,  Saturn,  Vranus  and 
AV/Kkk/,  contain  225  times  as  much  material  as  the  four 
inner  planets,  Afrrtury.  I'rnus.  Earth  and  Mars.  The  Earth 
is  fully  3,000  times  as  massive  as  the  more  than  800  asteroids 
combined.  It  is  not  known  how  much  material  is  responsible 
for  the  zodiacal  liglit.  The  more  finely  divided  that  material 
is.  the  smaller  is  the  total  mass  required  to  reflect  and 
scatter  the  quantity  of  solar  light  observe<i  in  that  phenome- 
non. Seeliger  has  thought  that  the  scattereil  zodiacal  light 
raalerials.  if  condensed  into  one  body,  might  have  a  mass 
(airly  comparable  to  that  of  the  little  planet  Mercury,  and 
he  has  concluded  that  the  attractions  of  the  zodiacal  light 
materials  ujxm  the  planet  Mrmry  could  explain  (he  devia- 
tions of  that  planet  from  its  computed  orbit.  This  problem 
cannot  yc\  be  regarded  as  definitely  settled.  For  several  decades 
astronomers  thought  there  might  exist  an  undiscovered  planet 
or  planets  of  considerable  size  between  the  Sun  and  the  orbit 
of  Mercury  whose  attractions  uix>n  Mercury  were  responsible 
for  the  discrepancies  in  its  motion.  The  work  of  the  Crocker 
eclipse  expeditions  from  the  University  of  California  is 
morally  conclusive  that  there  are  no  such  planets  massive 
enough  to  explain  the  observed  discrepancies.  We  do  not 
know  the  mass  of  any  single  comet,  biit  we  do  know  that 
eometary  masses  are  exceedingly  small  in  comparison  with 
the  masses  of  the  smallest  planets.  The  recent  comets  which 
have  approached  dose  to  Mars,  Earth,  Mercury  or  Venus 
have  produced  no  appreciable  disturbances  in  the  motions  of 
those  planets. 

We  have  described  the  known  members  of  the  solar  sys- 
em  as  to  dimensions,  masses,  orbits  and  geomelriral  relations 
\  mod  situations  one  to  another.     We  have  seen  that  they  form 
n's  system — a  system  very  completely  isolated  in  space. 


232  PUBLICATIONS   OF  THE 

and  independent  of  other  systems  so  far  as  its  internal  rela- 
tions are  concerned.  Now  the  solar  system  as  a  whole  is 
traveling  thru  space  with  reference  to  the  other  members  of 
the  stellar  system.  Sir  William  Herschel  suggested,  a  cen- 
tury and  a  third  ago,  that  the  apparent  motions  of  the  other 
stars  were  such  as  to  indicate  a  motion  of  our  star  and  its 
system  toward  the  constellation  Hercules,  and  this  conclusion 
has  been  amply  verified  by  Herschel's  successors.  The  logic 
of  the  demonstration  is  very  simple.  Let  us  use  an  illustra- 
tion which  every  one  has  had  or  may  have  the  opportunity 
to  test.  Suppose  the  observer  is  traveling  rapidly  by  railway 
train  across  a  level  tract  of  country,  say  toward  the  west.  He 
will  notice  that  the  trees,  buildings,  or  other  objects  on  his 
western  horizon  appear  to  separate  gradually.  Similar  obser- 
vations on  the  trees  and  other  objects  on  the  eastern  horizon 
will  show  that  they  appear  to  approach  each  other.  The 
trees  and  buildings  on  the  horizon  to  the  right  and  to  the 
left  of  him  will  seem  to  be  traveling  toward  the  east.  The 
explanation  is  apparent.  The  motion  of  the  solar  system 
thru  space  is  a  much  more  complicated  problem,  in  that  we 
must  (leal  with  sjjace  of  three  (hmensions,  instead  of  the  two 
dimensions  of  the  terrestrial  surfaee,  and  the  stellar  objeets 
whieh  the  observer  sees  in  all  directions  from  him  are  them- 
selves in  motion.  However,  if  the  positions  of  a  great  ntim- 
ber  of  stars  have  been  accurately  determined  at  some  past 
epoch,  as  was  indeed  the  case,  and  the  recent  determinati^jns 
of  positions  of  the  same  stars  be  comi)ared  with  the  early 
positions,  it  will  be  found  that  the  stars  have  moved.  They 
will  ha\'e  mo\-ed  with  a  great  variety  of  speeds  in  a  great 
varietN'  of  direction>;  but  if  the  stellar  motions  are  studied 
with  care,  it  will  ]k'  found  that  the  ])revailing  motion  of  any 
great  group  of  stars  in  any  large  area  of  the  sky  will  be  away 
from  the  region  of  the  the  constellation  Ilcrculrs  and  toward 
the  opposite  p<»int  of  the  sky.  1  lerschel  reasoned  truly  that 
this  ])re\ailing  drift  of  the  stars  awa\'  from  the  constellation 
Hercules  wa>  due  to  the  motion  of  the  solar  system,  year 
after  year,  decade  alter  decade,  toward  that  constellation. 
Modern  solutions  of  the  same  |)roblem  have  changed  the 
estimated  po^ili(*ln  of  the   Sun"s  goal  very  slightly  toward  the 
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southeast,  to  a  point  near  the  boundary  line  between  the  con- 
stellations Hercules  and  Lyra.  Astronomers  did  not  succeed 
in  detennining  the  speed  of  the  solar  motion  from  these 
apparent  motions  of  the  stars.  The  difficulty  lay  in  the  fact 
that  we  did  not  know  the  distances  of  the  stars  whose  angular 
motions  had  been  observed.  The  spectrograph  has  enabled 
the  second  part  of  the  problem  to  reach  a  satisfactory  solu- 
tion. This  wonderful  instrument  enables  us  to  measure  the 
motions  of  approach  and  recession  of  the  stars,  and  this  has 
been  done  for  2.000  or  more  of  the  stars,  chiefly  under  the 
auspices  of  the  L'niversity  of  California,  by  the  Lick  Observa- 
tory for  the  northern  stars,  and  by  the  D.  O.  Mills  Expedi- 
tion to  Santiago,  Chile,  for  the  southern  stars.  It  has  been 
found  that  the  stars  have  a  great  variety  of  motions  of 
approach  and  recession.  If  we  examine  the  results  for  a 
hundred  neighboring  stars  in  some  one  large  area  of  the  sky, 
we  shall  find  that  a  few  will  be  approaching  the  solar  system 
at  high  speed,  others  will  l)c  receding  from  our  system  at 
high  siKcd.  and  the  others  will  be  represented  by  a  great 
variety  of  motions  of  approach  and  recession.  This  happens 
for  great  groups  of  stars  in  any  part  of  the  sky.  If  we  con- 
sider the  obsenxd  motions  of  100  stars  in  and  surrounding 
the  constellations  Hercules  and  Lyra,  we  shall  find  the  same 
variety  of  speeds,  but  if  we  take  the  average  speed  of  the 
group  we  shall  find  that  the  group  as  a  whole  seems  to  be 
approaching  us  at  the  rate  of  alK)ut  twelve  and  a  quarter  miles 
per  second.  In  a  similar  manner,  if  we  consider  the  motions 
of  100  neighboring  stars  in  precisely  the  opposite  region  of 
the  sky,  we  shall  find  the  same  variety  of  approach  and  reces- 
sion, but  we  shall  obtain  for  the  average  speed  of  the  100 
stars  as  a  group  an  apparent  recession  of  about  twelve  and 
a  quarter  miles  per.  second.  Xo  one  (juestions  tlie  explana- 
tion of  these  observed  facts,  that  the  solar  system  is  traveling 
toward  the  Hercules-Lyra  region  with  a  speed  of  about  twelve 
and  a  quarter  miles  per  second  with  reference  to  the  system 
of  naked-eye  stars.  Now  this  speed  of  motion  is  carrying  the 
solar  system  thru  space  at  the  rate  of  approximately  400 
million  miles  per  year.  There  are  the  best  of  reasons  for 
believing   that   our   solar    system    is   very   old.      Its   age   can 
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scarcely  be  less  than  many  tens  of  millions  of  years,  and  more 
probably  hundreds  and  thousands  of  millions.  It  is  clear 
that  the  youth  of  the  solar  system  was  spent  in  a  very  differ- 
ent part  of  the  stellar  system  from  where  it  now  is,  and  that 
its  old  age  will  be  lived  in  a  still  different  region.  We  do 
not  know  whether  the  motion  of  the  solar  system  follows  a 
straight  line,  or  a  closed  curve  such  as  an  ellipse,  but  the 
system  is  probably  obeying  the  gravitational  attraction  of  the 
rest  of  the  material  universe.  It  seems  probable  that  the  orbit 
is  a  great  ellipse,  whose  circuit  is  so  great  that  many  hun- 
dreds of  millions  of  years  will  be  required  to  travel  over  it 
once,  even  tho  our  system  meet  with  no  disturbing  element  in 
the  meantime. 

It  will  be  profitable  to  consider  briefly  the  conditions  exist- 
ing in  the  Sun  and  planets.  Geologists  have  been  able  to 
study  in  a  limited  way  the  outcropping  geologic  strata  of 
the  Earth,  but  all  of  these  strata  combined  are  only  a  few 
miles  in  thickness.  There  are  indirect  ways  of  studying  the 
interior  of  the  Earth,  and  essentially  every  modern  student 
of  the  subject  has  come  to  the  conclusion  that  the  interior 
of  the  Earth  is  solid  thruoiit,  with  the  possible  exception  of 
relatively  small  |)ockets  of  molten  matter  here  and  there. 
We  know  something'  about  the  oceans  and  the  atmosphere 
of  the  Earth.  Do  any  of  the  other  planets  resemble  the 
Earth?  Mercury,  ronis  and  Mars  certainly  have  some  re- 
semblances to  our  planet,  but  the  <^iant  planets  Jupiter, 
Saturn,  Lh'ajius  and  Xcptujir  are  extremely  unlike  the  Earth. 
The  Earth  aj)pears  to  be  the  densest  of  all  the  planets,  tho 
considerable  uncertainty  exists  a^  to  the  density  of  Mercury. 
I'oius  is  al)out  nine-tenths  as  dense  as  the  Earth,  and  Mars 
is  about  seven-tenths.  The  four  <:^reat  planets  average  about 
one-fifth  the  density  of  the  I^arth.  Jupiter,  Uranus  and  \ep- 
tune  are  a  little  more  dense  than  water,  whereas  Saturn  is 
so  light  that  if  it  could  l)e  thrown  upon  a  i^reat  terrestrial 
ocean  it  would  float  like  a  piece  of  wood. 

We  can  get  no  trace  of  an  atmosphere  on  Mercury,  and 
much  remains  to  l)e  done  in  the  way  of  investigating  the 
atmosjihere  of  I'enus.  The  later  planet  certainly  has  an 
atmosphere,    but    whether    it    is    comparal)le    in    quantity    and 
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chemical  composition  with  the  Earth's  atmosphere  we  do  not 
know.  As  Venus  is  only  a  shade  smaller  than  the  Earth,  we 
should  expect  the  atmosphere  of  the  two  planets  to  be  not 
very  unequal.  We  know  that  Mars  has  an  atmosphere,  but 
it  is  a  very  light  one.  The  Martian  atmosphere  at  the  sur- 
face of  that  planet  is  probably  not  over  one-half  the  density 
of  the  Earth's  atmosphere  at  the  summit  of  Mount  Everest, 
our  highest  mountain  peak.  There  is  no  reason  to  doubt  that 
the  composition  of  the  Martian  atmosphere  is  very  much  like 
our  own.  A  great  white  area  around  the  north  pole  of  Mars 
waxes  and  wanes  with  the  coming  and  going  of  winter  in  the 
northern  hemisphere  of  Mars,  and  a  similar  white  cap  comes 
and  goes  at  the  south  pole  of  the  planet.  These  are  just  such 
phenomena  as  occur  every  year  on  the  Earth.  If  we  were 
transported  a  few  thousand  miles  above  the  northern  hemis- 
phere of  the  Earth,  we  should  see  a  great  white  cap  growing 
in  the  fall  and  winter  from  the  Arctic  regions  southward 
across  Europe  and  Asia  to  the  latitudes  of  the  Mediterranean 
Sea  and  the  Himalaya  Mountains,  and  across  Canada  and 
the  United  States  well  toward  the  Gulf  of  Mexico;  and  we 
should  see  the  southern  edge  of  this  cap  retreating  northward 
with  the  advent  of  spring  and  summer.  An  observer  over 
the  southern  hemisphere  of  the  Earth  would  witness  the 
annual  waxing  and  waning  of  the  white  cap  around  the  south 
pole  of  the  Earth,  save  as  the  southern  oceans  interrupted 
its  continuous  progress. 

The  four  giant  planets  have  enormously  extensive  atmos- 
pheres. We  appear  to  he  able  to  see  at  all  times  clouded 
areas  of  tremendous  extent.  These  clouds  are  more  promi- 
nent in  Jupiter  than  in  Saturn,  Uranus  and  Neptune,  but  that 
the  surfaces  of  all  four  have  a  very  high  percentage  of  clouds 
we  can  scarcely  doubt.  The  immense  masses  of  material  in 
these  planets  and  their  low  average  densities  lead  us  unavoid- 
ably to  conclude  that  they  are  not  solid,  as  in  the  case  of  the 
Earth,  but  that  they  are  largely,  and  perhaps  entirely,  in  a 
gaseous  state,  except  as  the  enormous  interior  pressures, 
due  to  the  overlying  strata,  may  liquify  or  even  solidify  their 
central  volumes.  It  is  thought  that  the  gaseous  strata  in  each 
of  the  four  planets  extend  to  great  depths  and  that  there  is 
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nothing  in  the  nature  of  a  solid  or  permanent  crust  over  the 
surface  of  any  of  them.  Their  low  densities  probably  mean 
that  their  enormously  deep  atmospheres  are  still  quite  hot. 
Yet  we  have  no  evidence  that  any  one  of  them  is  shining  by 
its  own  light.  When  one  of  Jupiter's  large  satellites  passes 
between  the  Sun  and  the  planet,  eclipsing  a  small  area  of  the 
planet's  surface,  that  area  appears  to  be  absolutely  dark. 

We  should  call  attention  to  the  flattened  forms  of  Jupiter 
and  Saturn.  The  rotation  of  the  Earth  once  in  about  twenty- 
four  hours  has  caused  the  equatorial  regions  to  be  thrown 
out  by  centrifugal  force,  in  effect,  and  the  polar  regions 
to  be  correspondingly  drawn  in,  until  the  difference  between 
the  equatorial  and  polar  diameters  is  twenty-six  miles.  The 
great  planet  Jupiter  rotates  on  its  axis  in  a  little  less  than 
ten  hours,  whereas  the  little  Earth  takes  twenty-four  hours. 
A  point  on  Jupiter's  surface  is  traveling  by  rotation  some 
twenty-seven  times  as  rapidly  as  a  corresponding  point  on 
the  Earth's  surface.  The  centrifugal  force  is  enormous,  and 
the  result  is  easily  observable  in  the  equatorial  and  polar 
diameters,  for  there  is  a  difference  of  about  5,000  miles.  The 
effect  is  even  larger  in  the  case  of  Saturn,  where  the  dif- 
ference of  the  (hameters  is  nearl\-  7,0(X?)  miles.  The  throwin.c: 
of  the  clonds  in  the  atnios])heres  of  these  two  ])lanets  into 
heUs  ])arallel  to  the  equatiM's  is  un(lonl)te(lly  connected  with 
the  extremely  rapid  rotations  of  the  j^lanets.  |)robahly  thru  tlie 
mecHum  of  trade  winds  l)lowin<2^  nearly  [)arallel  to  their 
ecjnators.  If  our  l^arth  rotated  more  and  more  rapidly  our 
trade  winds  wotdd  aj)proach  more  and  more  to  parallelism 
with  the  equator. 

The  rings  of  Saturn  are  unicjtie  in  the  solar  system.  Max- 
well of  I{n,^iand  proved  by  mathematics,  and  Keelcr  of 
America  j:)roved  with  the  s|)ectroscoj)e,  that  these  rings  are 
a  great  collection  of  minute  and  sej)arate  bodies.  There  arc 
so  many  of  these  particles  or  separate  masses  that  they  seem 
to  form  a  contimious  and  solid  system,  except  as  we  see  the 
dark  lines  dividing  them  into  several  comj)onent  rings.  If 
the  rings  were  solid  like  a  wagon  wheel,  to  use  a  homely 
illustration,  the  outer  <j(\i:^i:  w«)uld  travel  by  rotation  more 
rapidly   than   the    inner   i.'(\i!;c.      The    si)ectrograph    has    shown 
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that  the  reverse  is  the  case.  A  moon  at  the  inner  edge  of 
the  ring  system  would  have  to  travel  very  rapidly  to  save 
itself  from  falling  upon  the  planet.  A  moon  at  the  outer 
edge  of  the  ring  would  travel  much  more  slowly.  Keeler 
proved  that  each  point  of  the  ring  system  is  traveling  with 
the  speed  which  a  moon  at  that  distance  from  the  center  of 
the  planet  would  have.  Each  point  in  the  ring  system  is  a 
separate  moon  revolving  in  an  essentially  circular  orbit  about 
the  planet,  and  in  harmony  with  the  gravitational  power  of 
the  planet. 

Our  Moon,  as  you  know,  is  apparently  without  atmosphere 
and  water,  tho  it  should  be  said  that  one  astronomer  thinks 
he  has  observed  changes  in  the  bottoms  of  the  lunar  craters, 
such  as  to  suggest  the  presence  of  a  trace  of  water  in  the 
fonn  of  frost.  These  observations  should  be  verified  before 
they  afe  interpreted  on  the  basis  of  water  vapor.  The  verifi- 
cation has  not  yet  been  provided. 

Most  interesting  of  all  the  bodies  in  the  solar  system  is  the 
Sun  itself.  It  is  an  intensely  hot  sphere  whose  outer  strata, 
certainly,  are  gaseous.  The  gaseous  composition  may  indeed 
extend  from  surface  to  center ;  but  it  is  much  more  probable 
that  the  great  central  volume  is  in  the  liquid  or  even  solid 
state,  owing  to  the  tremendous  pressures  which  exist  there. 
We  know  that  the  surface  tem|)erature  of  the  Sun  is  in  effect 
as  high  as  10,000°  Fahrenheit.  The  interior  temperatures 
must  Ik*  vastly  higher.  The  chemical  elements  known  to  us 
could  exist  at  .such  temperatures  only  in  the  fomi  of  in- 
candescent gases  or  vajx^rs.  except  as  immense  pressure  con- 
denses them  to  the  litjuid  or  solid  state.  We  know  that  our 
atmosphere  and  hydrogen  and  the  other  gaseous  elements  of 
the  Earth  can  be  liquefied  and  solidified  by  means  of  such 
pressures  as  our  lal)<)ratory  metho<ls  are  able  to  produce.  The 
pressures  in  the  depths  of  the  Sun  run  up  into  the  millions  of 
pounds  per  square  inch ;  and,  while  the  temj^eratures  there 
existing  undoubtedly  try  to  preserve  the  gaseous  state  of  the 
Sun's  interior,  the  stuj)endous  pressure  probably  conquers 
the  expansive  forces  and  reduces  the  central  mass  to  the  liquid 
or  solid  state.     It  is  scarcely  {wssible  that  a  liquid  or  solid 
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core  extends  from  the  center  out  to  near  the  surface  of  the 
Sun,  for  the  average  density  of  the  entire  body  is  only  1.4 
times  the  density  of  water. 

About  forty  elements  familiar  to  us  on  the  Earth  have 
been  shown  to  exist  in  the  outer  strata  of  the  Sun  by  means 
of  the  spectroscope.  Rowland  has  said  that  if  the  Earth 
were  heated  up  until  its  temperature  is  equal  to  that  of  the 
Sun,  the  Earth's  spectrum  would  probably  resemble  closely 
the  spectrum  of  the  Sun. 

When  we  look  at  the  Sun  we  see  what  we  call  the  photo- 
sphere. The  prevailing  opinion  of  the  photosphere  is  that  it 
consists  of  clouds  produced  by  the  condensation  of  some  of 
the  vapors,  formed  in  the  atmosphere  of  the  Sun  when  the 
conditions  for  condensation  are  right,  very  much  as  our  own 
clouds  form  in  our  atmosphere  when  the  conditions  are  right. 
The  clouds  of  water  vapor  with  which  we  are  familiar  form 
at  a  low  temperature  because  we  are  dealing  with  water 
which  has  a  freezing  temperature  of  +32°  Fahrenheit.  Clouds 
would  be  expected  to  fonn  from  iron  vapor  at  a  very  high 
temj^erature,  for  the  freezing  point  of  iron  is  about  1500*^ 
above   zero   I'ahrenheit. 

1'he  atni<^s])here  of  the  v^iin  is  in  rapid  circulation.  There 
are  i^reat  storms  in  its  at!iiosj)here,  vastly  more  violent  than 
tln^se  in  the  hearth's  atm()S|)here.  In  terrestrial  storms  there 
are  qreat  whirlini::;'  disturbances  in  our  atmos]')here.  The 
sun-^pots  are  to  us  the  (nitward  and  visible  sii^n  of  somewhat 
similar  storms,  on  a  tremendous  scale.  The  motions  of  ceases 
and  yapor^  in  ^un-spots  have  been  measured  by  means  of  the 
spectroscope.  an<l  Male  has  shown  that  sun-s|)ots  are  the 
centers  of  local  mai;netic  fields.  The  maiiuetic  field  is  prob- 
ably (levelo])e(l  in  each  case  by  the  rapid  rotation  of  electric- 
ally cliar,i;;ed   particles   within  the   volume  of  spot   disturbance. 

The  sun-spots,  as  well  as  other  details  of  the  Sun's  surface, 
reveal  a  curious  law  of  solar  rotation.  The  entire  Sun  is 
rotatin.L^'  rapidl}'  from  west  to  east,  but  the  e(|uatorial  rec^ions 
are  rotatini^^  nu)re  rapidl}'  than  the  rci^ions  of  high  latitude. 
.\reas  near  the  e(|uator  rotate  once  around  in  twentv-four 
(la\s,  but  at  forty-fi\e  deii'rees  of  north  and  south  latitude 
the   rotati<»n    period    is   twent\-eiglit   days,   and   at   seventy-hve 
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degrees  of  north  and  south  latitude  the  period  is  thirty-three 
days.  The  forging  ahead  of  the  equatorial  regions  has  never 
been  satisfactorily  explained. 

The  sun-spots  vary  in  size  most  curiously,  and  for  reasons 
unknown.  The  s|X)ttedncss  passes  from  niininnim  to  maxi- 
mum and  back  again  to  minimum  in  an  average  i)eriod  of 
eleven  and  one-tenth  years.  During  the  years  of  minimum 
it  is  not  unusual  for  the  spots  to  l)e  entirely  absent  for  weeks 
at  a  time.  The  full  line  curve  which  represents  the  spotted- 
ness  of  the  Sun  as  observed  from  the  year  1740  up  to  1870 
shows  that  twelve  maxima  and  twelve  minima  occurred  in 
this  interval.  The  maxima  and  minima  do  not  come  with 
perfect  regidarity.  Sometimes  the  maximum  is  a  year  or 
two  early,  or  a  year  or  two  late,  and  similarly  for  the  minima. 
Many  investigators  have  tried  to  find  an  explanation  of  the 
sun-spot  [)eriod,  but  the  results  have  not  been  satisfactor>\ 
The  cause  has  been  looked  for  in  the  action  of  the  planets. 
It  would  seem  that  if  any  of  the  planets  is  res|K)nsible  it 
should  be  the  giant  Jupiter'.  There  is  no  apparent  connection, 
for  Jupiter's  period  about  the  Sun  is  11.9  years,  whereas  the 
sun-spot  period  is  11. 1  years.  It  has  l^een  suggested  that  the 
spots  are  fonned  when  two  or  more  of  our  planets  are  in 
the  same  straight  line  with  the  Sun,  but  the  fact  is  that  there 
are  just  as  many  spots  visible  when  the  planets  are  equably 
distributed  around  the  Sun,  with  no  two  of  them  in  or  near 
a  straight  line  with  the  Sun.  The  cause  of  periodicity  seems 
to  lie  within  the  Sun  itself.  It  is  perhaps  not  impossible  that 
certain  forces  develof)  and  accumulate  within  the  Sun  until 
they  reach  the  breaking-out  intensity,  once  in  eleven  years, 
somewhat  after  the  fashion  of  the  forces  which  are  resj)onsible 
for  the  geysers  on  the  Earth.  I  do  not  mean  to  convey  the 
impression  that  the  motions  within  sun-spots  and  the  motions 
of  water  expelled  from  geysers  are  the  same,  as  they  are 
not.  Experienced  investigators  have  tried  to  find  a  relation- 
ship between  sun-spots  and  terrestrial  weather,  but  they  have 
not  succeeded  in  proving  that  such  is  the  case.  There  have 
been  and  still  are  people  who  say  that  the  sun-spots  rule  our 
weather,  but  they  seem  not  to  know  what  constitutes  a 
scientific  proof;  at  least,  no  proof  has  \nxn  published.     They 
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remind  me  of  the  small  boy's  first  experience  with  an  electric 
trolley  car.  The  street-cars  in  his  town  had  been  drawn  by 
horses,  and  he  had  no  doubt  as  to  the  motive  power.  There 
came  a  morning  when  he  and  his  father  got  on  a  successor 
to  the  horse-car,  and  he  was  interested  to  know  what  made 
the  car  go.  His  father  tried  to  explain  that  it  was  electricity, 
but  the  boy  was  not  convinced,  and  this  is  not  surprising,  for 
nobody  even  now  knows  what  electricity  is.  Before  he  got  to 
the  end  of  his  trolley  ride  he  said,  ''Father,  I  have  discovered 
what  makes  this  car  go.  It  is  that  bell  up  there  above  the 
driver's  head,  for  I  have  noticed  that  every  time  that  bell 
rings  the  car  starts."  Therefore,  according  to  the  same  logic, 
as  there  are  spots  on  the  Sun  and  there  are  rain  storms  on 
the  Earth,  the  sun-spots  cause  the  rain.  Unfortunately  it 
happens,  now  and  then,  that  we  have  an  exceedingly  dry 
winter  month  when  the  Sun  is  rich  in  spots,  and  a  wet  month 
had  been  prophesied ;  and  that  we  have  an  exceedingly  wet 
winter  month,  now  and  then,  when  no  spots  whatever  are 
visible.  It  rains  no  more  in  the  tfiree  or  four  years  of  sun- 
spnt  Tuaxiinnni  than  it  docs  in  the  three  of  four  vcars  of 
^mi-spot  miniininn.  Likewise,  the  storms  are  no  more  mimcr- 
ons  and  no  more  severe  when  tliere  are  two  or  three  planets 
alm«'>t  exaetly  in  line  with  the  v^nn  than  when  the  ])lanet^ 
are  e(|nal)l\'   distrihnted  aronnd   the   v^nn. 

In  OIK'  respect  we  are  >nre  that  the  snn-spots  do  have  a 
teiaestrial  intluenee.  Magnetic  distnrhanees  on  the  Earth  are 
directly  i-elated.  in  some  wmv.  to  the  snn-spot  activity.  The 
cnrve  of  maL^metic  (hstnrhances  when  correlated  with  the 
cnrve  of  ^olar  >potte(lness,  shows  an  aj^reement  that  is 
nnmistakahle. 

<  )utside  and  l)e\'ond  the  s])herical  hodv  of  the  Smi  which 
we  >rc  e\'ery  clear  da}'  are  the  prominences  and  the  corona. 
The  ])i-ominences  are  crrtainly  comiected  with,  or  are  the 
lian't^  ot.  the  circadatory  system  of  the  Snn'^  atmosj)here. 
The)'  re(|nire  ^jKcial  >prct  ro^ci  )pic  ai)])aratns  for  their  ol)<er- 
\atnjn  ill  <'T-din;ir\  linir-,  hnt  ihev  can  l)e  seen  directlv  at 
limes  <d  siilar  ei-|  ij 'scs.  when  the  main  l)odv  of  the  Sun  i^ 
hidden  hrhind  the  Mimmi  and  the  hacki^M'onnd  of  skv  is  rela- 
ti\a'l}'  dark.     Thi'y  aie  nt  i^reat  variety  as  to  forms  and  s]~)eeds 
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of  development.  They  sometimes  shoot  up  to  heights  of  two 
or  three  hundred  thousand  miles  above  the  Sun's  surface, 
with  speeds  as  high  as  250  miles  per  second. 

The  solar  corona  may  also  be  a  product  of  the  rapid  circu- 
lation within  the  Sun's  structure.  It  is  not  impossible  that 
the  materials  composing  the  corona  are  expelled  from  the 
Sun  by  something  in  the  nature  of  volcanic  force,  or  by  the 
pressure  of  the  intense  solar  rays  upon  the  minute  particles 
of  the  corona,  or  by  other  force  or  forces,  and  that  these 
particles  find  their  way  back  in  descending  streams  to  the 
Sun.  The  corona  is  a  part  of  the  Sun.  A  complete  under- 
standing of  our  Sun  requires  a  study  of  the  corona,  and  it  is 
chiefly  for  investigations  of  this  solar  appendage  that  eclipse 
expeditions  are  dispatched  to  the  out-of-the-way  corners  of 
the  Earth.  It  has  been  found  that  the  fonn  of  the  corona  de- 
pends uf)on  the  spottedness  of  the  Sun.  At  times  of  spot 
maximum  the  corona  is  nearly  circular  in  general  outline, 
whereas  at  times  of  minimum  the  coronal  streamers  which 
extend  out  from  regions  of  low  latitude  are  extremely  long, 
and  the  streamers  which  originate  at  high  latitudes  and  in 
the  vicinity  of  the  poles  of  the  Sun  are  very  short. 

People  in  general  know  that  the  Sun  is  vital  to  life  on  the 
Earth,  but  they  do  not  realize  that  all  other  sources  of  energ)' 
are  negligible.  The  Sun's  light  and  heat  grow  the  farmers' 
crops.  The  solar  radiation  grows  the  forests  of  today.  It 
grew,  long  ages  ago,  the  luxuriant  vegetation  which, 
submerged  and  compressed,  is  the  coal  that  today  drives  the 
railway  trains  of  the  land  and  the  ships  of  the  sea.  It  is 
the  Sun's  power  which  evaporates  the  water  of  the  ocean  and 
creates  the  winds  which  carry  the  evaporated  water  over  the 
mountains  where  it  is  deposited  as  rain  and  snow.  Our 
hydro-electric  plants  control  the  descent  of  this  water  from 
the  mountains  to  the  sea,  and  their  water-wheels  and  dvna- 
mos  generate  electric  current.  The  Sun's  energy  thus  trans- 
formed illuminates  our  cities  and  drives  the  trolley  cars.  We 
do  not  depend  at  all  upon  the  Earth's  internal  heat.  The 
temperature  of  the  Earth's  surface  is  determined  by  the  heat 
received  from  the  Sun.  To  realize  this  fact,  lot  us  recall  the 
frigid    conditions    perpetually    existing    at    the    poles    of    the 
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Earth.  During  several  weeks  in  the  middle  of  the  northern 
summer  the  north  pole  receives  more  solar  heat  than  any 
other  region  of  the  Earth,  and  thruout  the  year  some  of  the 
heat  from  the  tropics  and  the  north  temperate  zone  is  con- 
stantly transmitted  by  atmospheric  circulation  to  the  north 
polar  region.  Similarly,  during  several  weeks  in  the  middle 
of  the  southern  summer  the  south  pole  of  the  Earth  receives 
more  heat  than  any  other  region  of  the  Earth,  and  constantly 
thruout  the  year  some  of  the  heat  of  the  tropics  and  of  the 
south  temperate  zone  is  conveyed  thru  the  atmosphere  to  the 
region  of  the  south  pole.  Yet  how  frigid  and  essentially 
useless  in  the  vegetable  and  animal  world  are  the  polar 
regions !  The  interior  heat  of  the  Earth  is  not  able  to  do  any- 
thing appreciable  for  those  regions.  Now  if  the  Sun's  heat 
were  cut  off  completely  from  the  Earth  for  one  short  month, 
the  equatorial  regions  would  be  at  the  end  of  the  month  so 
wintry  that  the  north  and  south  polar  regions  as  they  are 
today  are  rose  gardens  in  comparison. 

To  create  due  respect  in  our  minds  for  the  overwhelming 
power  of  the  Sun,  we  may  reflect  upon  the  following  state- 
ment:  When  the  Sun  is  (hrectly  or  approximately  over  any 
reg^ion  of  the  F.arth  and  our  atmosphere  above  that  region  is 
in  normally  clear  condition,  each  scjuare  yard  of  that  region 
receives  eneri^}'  from  the  Sun's  rays  at  the  ap])roximate  rate 
of  four-lifths  of  one  horsepower.  This  is  at  the  rate  of  4,000 
horsepower  per  acre.  If  you  own  250  acres  (^f  desert  in 
Arizona,  or  .Mexico,  or  northern  Africa,  the  Sun  in  the 
mid<lle  of  each  summer  day  is  j^ourini^  down  energy  uj)on 
\(^ur  little  ranch  at  the  rate  o(  one  million  horsepower.  Your 
neii^hhor's  ranch  of  the  same  size  is  receivin<^  solar  energy  at 
the  same  rate.  .\nd  so  on  for  the  entire  surface  of  the  Earth, 
in  proporli(^n  a^  the  v'^un's  ra\s  fall  ])er|K'ndicularly  or  slant- 
ingly upon  each  area.  ^  et  this  is  far  from  the  whole  storv. 
Xearly  the  half  of  the  eneri^y  which  the  vSun  tries  to  .send 
to  the  Marth's  surface  is  intercepted  hy  our  atmosphere  and 
turned  hack  iiUo  space.  With  the  Sun  directl}'  (A'crliead  for 
the  wirious  rei^ions  of  the  ICarth.  onl\'  about  sixty  per  cent. 
of  the  Sun's  eneri^y  ^ets  down  thru  the  atmosphere  to  the 
lanrl   and   water  surface   of  the   ICarth,  and   the   remainder   is 
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refused  transmission.    Now  the  Sun,  to  the  best  of  our  knowl- 
edge, is  sending  out  energy  in  all  directions  at  essentially  the 
same  rate.     The  little  Earth  covers  so  small  an  area  of  the 
sky,  as  one  would  see  the  sky  if  he  were  on  the  Sun,  that  the 
Earth    intercepts    only    one    two-billionth    part   of   the    Sun*s 
radiation.      If  we  could  cover  the   Sun   with   a  shell   of   ice 
forty  feet  thick,  the  heat  energy  radiated   from  the  Sun,  at 
its  present  rate,  would  l)e  sufficient  to  melt  that  shell  of  ice 
in  one  minute  of  time.     To  f)roduce  this  quantity  of  energy 
from  the  combustion  of  coal  would   recjuire  that   a  layer  of 
the  best  anthracite  twelve  or  fifteen  feet  deep  over  the  entire 
solar  surface  be  consumed  every  hour.     Now,  if  the  Sun  were 
composed  of  anthracite  the  consumption  of  the  whole  mass 
would  not  furnish  sufficient  heat  to  supply  the  Sun's  output, 
at  the  present  rate,  for  as  long  as  10,000  years.     It  was  Kant 
in    the   eighteenth    century,    and    Helmholtz    independently    a 
hundred  years  later,  who  showed  that  the  contraction  of  the 
Sun  under  the  influence  of  its  own  gravitational  power  is  the 
most  prol)able  explanation  of  its  source  of  heat ;  perhaps  not 
its  sole  source,  but  a  source  which  would  suffice  to  maintain 
the  present  rate  of  radiation  for  many  millions  of  years.     The 
Sun's   own    gravitational    |X)wer   is    struggling   constantly   to 
draw  every  one  of  its  particles  to  the  center  of  the  Sun ;  it 
is   subjected   to   its  own    immense   compressive    force.      Now 
we  know   that   wlien   we  compress   air,   for  the  purposes  of 
industr>'   or   to   fill   an   automobile   tire,   a   great   quantity   of 
heat  in  the  air  compressed  is  lil>erated  and  radiated  into  sur- 
rounding space.     In  the  same  way  the  constant  and  stupend- 
ous process  of  compression  which  the   Sun  suffers  from   its 
own  internal  gravitation  lil)erates  the  heat  that  is  latent  within 
its  mass.     The  inunense  quantity  of  energy   represented   by 
the  actual  motion  of  the  Sun's  materials  inward  toward  the 
center  is  also  converted   into  heat.     These  are   such   fruitful 
sources  of   heat   that   the    Sun   need   contract   no   more   than 
500  feet  i>er  year  at  the  present  time  to  supply  the  radiation 
which  goes  out   in  all  directions  and  of  which  a  very  little 
reaches  us  upon  the  Earth.     This  is  so  slow  a  rate  of  solar 
contraction  that  we  could  not  ho|K*  to  observe  any  diminution 
in  the  Sun's  diameter,  even  with  the  most  refined  measuring 
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apparatus,  until  after  the  passing  of  some  5,000  years.  There 
can  be  no  doubt  that  this  solar  compression  will  liberate 
sufficient  heat  to  maintain  the  present  rate  of  flow  for  five 
or  ten  millions  of  years,  and  it  can  be  shown  by  the  applica- 
tion of  the  same  principles  that  the  Sun  may  well  have  been 
radiating  heat  at  an  approximately  equal  rate  for  five  or  ten 
millions  of  years  in  the  past.  It  is  essentially  certain  that 
the  radium  within  the  Earth  is  a  powerful  factor  in  develop- 
ing the  Earth's  internal  heat.  We  have  no  evidence  as  to 
the  existence  of  radium  in  the  Sun,  but  it  or  some  of  its 
radio-active  relations  may  be  there  to  assist  in  giving  long 
life  to  the  Sun  and  to  the  planets  which  draw  their  susten- 
ance from  the  Sun. 

What  can  be  said  as  to  the  existence  of  life  on  the  other 
bodies  of  the  solar  system?  We  may  dismiss  the  Sun  as  too 
hot  to  support  any  form  of  life  with  which  we  are  acquainted. 
Our  Moon  cannot  support  life,  at  least  of  the  terrestrial 
kinds,  because  of  the  total  lack  of  air  and  water.  The  prob- 
abilities are  strong  the  Mercury  is  lifeless,  for  the  same 
reason,  but  this  is  not  a  certainty.  I  think  we  may  dismiss 
Jupiter,  Saturn,  I'ranus  and  Xr/'tiDic  as  abodes  of  life:  we 
do  not  see  how  lliev  can  have  an\thini,^  in  the  nature  oi 
sohd  surfaces,  rciius  and  Miirs  are  the  ])hinets  most  nearly 
ecjual  in  size  to  the  Karth.  Mars  has  a  very  lii^ht  atmosj)here. 
certainlw  hut  we  know  nothin}4^  as  to  the  extent  ni  J 'muss 
atnir»|)here.  except  that  it  has  one.  If  vSchiaparelli  was  rii^ht 
in  his  conclusion  that  the  planet  i'cnus  always  presents  the 
same  face  to  the  Sun.  as  it  prohahly  does,  then  life  on  I't^ius 
would  l)e  difficult:  one  hemisphere  would  have  eternal  dav 
with  hurninq-  temperatures,  and  the  other  hemisphere  eternal 
ni^ht  with  extreme  cold.  Mars  and  the  Karth  seem  to  have 
many  re^emhlances.  ^seasonal  changes  occur  on  Mars  such 
as  could  reasonahl)'  he  attrilnited  to  chan<4"es  in  ve*.^etation  : 
and  ii  there  is  vei4etal)le  life  there  could  well  Ix*,  and  probablv 
is,  animal  life.  1  lowever.  the  vei^etahle  mav  l)e  ea^ilv  indc- 
])endent  ol  the  animal;  the  forests  and  prairies  of  the  Miss- 
issi])])i  \  alley  put  on  their  i^reen  clothin_Lj;  in  the  s])rin|:^  of 
ever}-  year  and  chan,L:ed  to  hrown  cl()thinLr  in  the  fall  of 
e\ery  \eai'  e\'en  better  be  lore  the  ciMuini;,''  of  ''intellii^ent"  man 
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than  after  his  appearance  on  tlie  scene.  The  "canals'*  of  Mars 
may  be  eviclence  of  intelligent  life  on  that  planet ;  but  unless 
we  accompany  them  with  some  rather  violent  assump- 
tions the  canals  could  serve  equally  well  as  examples  of  the 
lack  of  intelligence  on  the  planet.  How  would  engineers  on 
the  Earth  proceed  to  catch  the  water  from  the  melting  north 
polar  cap  of  the  Earth  and  use  it  for  irrigation,  not  only 
south  to  the  equator,  but  well  down  into  the  southern  hemi- 
sphere? How  would  they  reverse  the  process  and  use  the 
waters  from  the  south  polar  cap  to  irrigate  not  only  as  far 
north  as  the  equator  but  well  into  the  northern  hemisphere — 
it  being  assumed  that  there  are  no  oceans  to  interfere?  Would 
intelligent  engineers  insist  on  running  their  canals  absolutely 
straight  for  thousands  of  miles,  or  would  they  follow  the 
contours?  As  the  surfaces  of  the  Eaith  and  the  Moon  are 
exceedingly  unlevel,  is  it  reasonable  to  assume  that  Mars, 
half  way  between  the  Earth  and  Moon  in  size,  has  a  level 
surface?  Mars  probably  has  animal  life,  but  in  my  opinion 
we  have  not  the  proof  of  it. 

I  think  it  is  imf>ossible  for  an  intelligent  and  thoughtful 
mind  to  contemplate  the  orderly  solar  system,  completely 
isolated  from  other  systems,  its  great  Sun  in  the  center,  the 
tiny  planets  and  the  infinitesimal  asteroids  revolving  around 
the  Sun  in  the  same  direction  and  nearly  in  a  common  plane, 
the  moons  revolving  around  tlie  planets,  all  of  the  planets 
and  asteroids  around  the  Sun  from  west  to  east,  and  nearly 
all  of  their  moons  around  their  planets  from  west  to  east, 
without  saying  to  ourselves :  the  members  of  the  solar  system 
have  had  a  common  origin ;  the  materials  in  the  Sun.  the 
planets  and  moons  have  had  a  prior  existence  under  other  con- 
ditions ;  and  the  operation  of  the  laws  of  nature  has  developed 
the  system  to  its  present  state,  and  will  guide  its  further  devel- 
opment to  the  state  which  the  future  has  in  store  for  it.  Kant*s 
hypothesis  would  have  the  development  proceed  from  a  great 
collection  of  matter  in  a  chaotic  state — the  same  matter  which, 
transformed  and  redistributed,  now  composes  the  system. 
La  Place's  hy|X)thesis  would  develop  the  solar  system  from  a 
rotating  parent  nebula.  Chambcrlin  would  have  the  antece- 
dent nebula  spiral   in   structure.     This  phase  of  the  subject 
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would  demand  a  full  hour  for  adequate  treatment,  and  we 
must  be  content  to  say  that  all  astronomers  believe  the  solar 
system  to  be  the  product  of  evolution. 

Are  there  other  solar  systems  than  ours?  Are  there  planets 
revolving  around  the  other  stars,  as  our  planets  revolve 
around  our  Sun?  Is  there  life  on  planets  in  other  systems? 
We  do  not  know.  We  are  powerless  to  answer  these  ques- 
tions at  present.  If  we  should  transport  our  astronomers 
and  their  most  powerful  instruments  to  Alpha  Centauri,  the 
.solar  system's  nearest  neighbor,  they  could  not  look  back  and 
see  the  planets  which  attend  our  Sun.  They  would  see  our 
Sun  by  naked  eye  as  a  first  magnitude  star,  but  our  greatest 
planet,  Jupiter,  would  be  a  star  of  the  twenty-first  magnitude, 
and  their  telescopes  at  Alpha  Centauri  would  have  to  be  at 
least  twenty-five  feet  fti  diameter  in  order  to  show  Jupiter  as 
a  stellar  point  of  light,  just  on  the  limit  of  vision,  even  the 
the  flood  of  light  from  our  Sun  did  not  interfere  with  the 
observation.  The  fact  is  that  Jupiter,  as  seen  from  Alpha 
Centauri,  would  never  be  more  than  five  seconds  of  arc  from 
our  Sun,  and  the  i:^\arQ  of  siinliq-ht  in  the  Centauran  telescope 
would  liopelcssly  drown  the  iiiia.G;"e  of  Jupiter,  even  tlio  the 
(hanieUT  ot  the  telescope  were  much  greater  than  twenty-five 
feet.  The  latter  difficulty  would  resemble  that  of  trying  to 
see  a  L;in\\  worm  that  is  two  feet  to  the  riglit  or  left  of  a 
])o\\erful   searchlii^'ht   l«)cated   sixteen   miles   from  the  ol)server. 

Altho  we  have  not  been  able  to  sectire  direct  and  positive 
evidence  in  fa\or  of  other  planetary  systeius.  and  altho  we 
see  no  pronn'se  <>l  stich  evidence  in  the  futtu'e.  it  would  be 
tmreasonable  to  believe  that  such  ])lanetary  svstems  do  not 
exist.  It  w«>ul<l  be  coutrar\'  to  the  simple  pro])abilities  if  C)ur 
Stm.  one  of  several  hundre<l  millions  of  sun^,  were  the  onlv 
v'^un  attcndiMl  by  ])lanet^.  and  our  ICarth  were  the  onlv  planet 
that  i<  the  alxule  (if  lite.  We  are  not  able  to  prove  that  we 
ha\e  neighbors  scattered  thniout  the  i^reat  stellar  universe, 
but   we  ai'e  juslilied,    I   think,   in  beliex'in^'  that  thev  are  there. 
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THE  TOTAL  SOLAR  ECLIPSE  OF  FEBRUARY  3,  1916. 

By  C.  D.  Perrine. 

Tlie  total  solar  eclipse  of  February  3,  1916,  was  observed 
at  Tucacas,  \'enezuela»  by  an  expedition  from  the  Observa- 
torio  National  Argentino  in  charge  of  Third  Astronomer 
Chaudet. 

Owing  to  the  general  financial  depression  resulting  from 
the  great  European  war.  it  was  not  j)ossible  to  send  so 
well  ecjuipi>ed  an  ex|XHlition  as  those  which  went  to  Brazil 
in  1912  and  to  Russia  in  1914.  This  was  unfortunate,  par- 
ticularly in  the  matter  of  the  large-scale  photographs  of  the 
corona.  To  have  sent  our  40- foot  camera  would  have  been 
to  endanger  the  success  of  the  entire  expedition,  and  it  was 
therefore  with  great  reluctance  that  plans  had  to  be  made 
without  it.  Dependence  for  that  part  of  the  program  had  to 
be  placed  upon  a  camera  of  11  feet  focus  attached  to  one  of 
the  polar  axes. 

It  was  also  necessary  to  omit  observations  of  the  |)olarized 
light  in  the  corona  with  the  11-foot  cameras  which  were  part 
of  the  equipment  sent  to  Brazil  and  Russia. 

The  program  of  observations  comprised  the   following: 

A.  Photographs  of  the  corona  with  a  camera  of  11  feet 
focal   length. 

B.  Photographs  of  the  corona  with  a  camera  of  0  feet 
focal  length. 

C.  Photograf)hs  of  the  flash  sj)cctrum  and  of  the  s|x?ctnun 
of  the  corona  with  an  objective  prism  sinrctrograph  of  5 
inches  a|>erture  and  d  feet  focal  length. 

1).  .\  program  similar  to  C  with  a  prismatic  camera  of 
27  inches  focal  length. 

E.  Photographic  observation  of  the  general  sixx'trum  of 
the  corona  with  a  slit  sjxctrograph. 

F.  Photographic  determinations  i»f  the  total  amount  of 
light  from  the  corona. 

G.  Visual  determinations  of  the  times  of  the  contacts. 

It  was  im|)ossible  to  obtain  some  kinds  of  plates  and  films 
which  in  normal  times  are  always  to  be  had.  This  was  a 
serious  handicap  chiefly  to  the  spectroscopic  and  photometric 


248  PUBLICATIONS   OF   THE 

work.     No  fresh  orthochromatic  or  panchromatic  plates  could 
be  found.  * 

The  expedition  left  Cordoba  on  December  2  and  arrived  in 
Tucacas  on  January  14  after  many  difficulties  in  obtaining 
transportation  from  Barbados  to  the  Venezuelan  coast. 

The  first  week  at  Tucacas  was  rainy  and  unsuitable  for  the 
work  of  setting  up  the  instruments,  but  by  hard  work  Mr. 
Chaudet,  without  assistance  except  for  a  very  little  common 
labor,  succeeded  in  getting  all  of  the  six  instruments  in  con- 
dition for  observing.    These  were  mounted  on  two  polar  axes. 

Efficient  and  willing  assistance  for  making  the  observations 
was  offered  freely,  and  an  able  corps  of  observers  was  trained 
for  a  week  before  the  eclipse. 

The  morning  of  the  eclipse  dawned  rather  unpropitious 
with  heavy  rain.  Conditions  improved,  however,  and  by  the 
time  of  totality  the  sky  was  covered  only  by  thin  haze.  The 
haze  interfered  to  some  extent  with  the  observations,  chiefly 
those  of  the  extensions  and  the  general  spectrum  of  the 
corona.  It  interfered  much  more  seriously  with  the  naked- 
eye  view. 

The  entire  proi^ram  was  carried  thru  as  planned,  and  tlie 
plates  (levelo|)e{l  on  the  tour  nit^hts  following".  Twentv 
plates   with   t\vent\-eii;"ht  exi)o>ures   were  ohtained. 

The  focus  of  the  11-foot  camera  and  of  the  larg^e  prismatic 
camera  were  excellent.  There  were  some  very  small  vibra- 
tions to  the  11-toot  camera,  wliich  disturbed  the  short  ex- 
posures and  the  images  <if  the  i)rominence<  to  some  extent. 
The\  were  not  sufficient,  however,  to  interfere  i:;'reatlv  with 
the   corona,  e^peciall}'   the   loni^vr  ex])(:)sures. 

The  imai;c>  witli  the  h-fnnt  camera  and  the  small  prismatic 
camera  are  not  shai'p.  Some  of  thi>  is  |)robablv  due  to  the 
dirfu>ion  1)\'  the  clouds,  hut  it  is  feared  that  some  disturb- 
ance ^^\  focus  ol  tlie  (t-tooi  camera  occurred,  altho  no  stich 
distiH'ljance  was  noted  alter  the  ecli|)SL',  n(3r  can  anv  l)e 
accouiUed  for.  Tlie  l^cal  ima^e  was  examined  vistiallv 
hortlv  bef'Te  totalit\'  and  wa>  then  excellent. 

The  lack  <»f  ^liarpno^  is  n<'t  suthcient  to  render  these  nega- 
tives entircl}'  useless  by  any  means,  lor  the  i^eneral  features 
(»f  the   Corona  and   the   sti'eamers  are   well   enoti^h    shown   ior 
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some  purposes,  as  are  also  the  prominences.  In  the  small 
prismatic  negatives  the  general  forms  of  the  images  are 
easily  distinguishable  and  many  of  the  lines  well  enough 
separated  and  sufficiently  sharp-edged  for  measurement. 

The  exposures  with  the  large  prismatic  camera  were  all 
made  on  flat  plates.  The  focus  from  the  extreme  red  end 
(A7300db)  to  about  H  and  K  is  good.  .Above  H  and  K  it 
is  not  sharp,  altho  many  lines  can  undoubtedly  be  measured 
with  some  accuracy  owing  to  the  larg^e  scale. 

Standard  intensity  squares  were  impressed  on  the  long 
exposure  of  the  11-foot  camera  and  the  photometric  plates 
before  leaving  Cordoba  and  these  were  then  hermetically 
sealed  in  tin  ( as  were  all  of  the  plates  to  be  used  on  eclipse 
day).  These  were  not  opened  in  Tucacas  until  the  day 
before  the  eclipse.* 

The  negatives  of  the  corona  with  both  cameras  show 
streamers  to  an  e.xtension  of  o<ie  and  one -half  solar  diameters. 

The  type  of  corona  is  intermediate  between  that  at  maxi- 
mum and  minimum  of  sun-spottedness,  resembling  that  of 
1898  more  closely  than  any  other  recent  one.  Five  groups  of 
good-sized  prominences  are  shown  at  the  bases  of  the  four 
principal  wings  of  the  corona. 

.\  series  of  well-marked  hoods  is  shown  over  the  promi- 
nence in  the  southwest  quadrant  in  the  negatives  taken  with 
the  11 -foot  camera.  One  of  the  comparatively  rare,  long, 
straight,  ver)-  slender  and  nearly  radial  streamers  is  shown  by 
these  negatives  in  the  northeast  quadrant. 

This  streamer  is  seen  to  be  composcfl  of  two  distinct 
branches  near  the  limb. 

The  chromospheric  layer  apjKars  to  have  liccn  of  consider- 
able depth. 

Exjx)sures  for  the  two  flashes  were  obtained  with  both 
prismatic  cameras,  as  well  as  ex|K)sures  on  the  corona.  Owing 
to  their  great  light-gathering  power,  particularly  of  the  larger 
instrument,  three  exjxjsures  were  given  in  place  of  a  single 
one  during  totality. 


•  The  pUtr«  which  were  •tanclardtxrfj  before  leaTing  C6r(loba  were  tomewhat 
mottled — doe  undoubtedly  to  hartng  bern  r»p»t»»<"d  to  the  atiTW>«phere  two  montht 
before  devcloptnent. 
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No  careful  study  of  the  plates  has  been  made.  A  casual 
examination  has  not  disclosed  any  features  of  special  interest, 
however. 

No  trace  of  any  gaseous  radiations  has  been  found  in  the 
corona  proper. 

These  could  hardly  have  been  of  any  great  strength  or 
some  of  them  would  have  been  caught  by  the  large  prismatic 
camera,  notwithstanding  the  unfavorable  sky.  The  principal 
lines  of  the  hydrogen  series  can  be  seen  in  the  prominences 
in  the  exposures  at  mid-totality. 

On  the  plate  taken  with  the  large  instrument  the  spectrum 
is  shown  from  A33(X)  to  a73(X).  It  extends  some  distance 
higher,  but  was  cut  off  by  the  edge  of  the  field.  Bright  lines 
are  well  shown  to  about  A53(X).  Below  this  the  sensitiveness 
of  the  plate  falls  off  considerably  and  at  the  extreme  lower 
end  only  the  D^  and  Ha  lines  are  shown.  These  are  both 
strong  and  the  forms  of  some  prominences  are  easily  visible 
in  them.    Continuous  spectrum  extends  to  A7300  or  below. 

About  40  lines  can  be  distinguished  in  the  spectrum  above 
A3600. 

Pr()l)al)ly  the  i^rcalcst  value  lliose  ol)servalions  will  have  is 
in  the  heijLihts  of  the  ditTerent  vapors  al)o\'e  the  solar  surface, 
which  can  he  determined  from  them  for  com|)arison  with 
similar  results  at  other  eclipses. 

The  spectrum  with  the  slit  s])ectro<^rj'^j)li  jv;  faint  and  does 
not  extend  hcNond  the  extreme  inner  corona.  It  is  strong" 
enoucih.  ho\ve\er.  to  he  ahle  t(^  say  with  certainty  that  there 
are  no  dark  lines.  It  i^  e(|ually  certain  that  any  dark  lines 
could  not  ha\e  heen  "hurned  out.*"  The  slit  was  i)laced  ea^t 
and   wc^t  aci'oss  the   Sun'^  diameter. 

'idle  s|)ecli'um  extends  .V  on  the  east  from  the  Moon's  limh 
and  not  over  1'  on  the  west.-  It  ap|)ears  to  1)e  |KU'fectly  con- 
tinuous on  hoth  side>  without  a  trace  of  dark  lines  and  with 
.small  l)ri_iL;ht  points  at  11  and  K  ]X)sitions  on  the  linear  con- 
tinuous s])eclrum  on  the  west  onlv. 

This  result  is  additional  evidence  in  line  with  the  ex|)lana- 
tioir'    found    hy   the    writer    for   the   contradictory   ohservati(Mis 

-'llii-    cxiH.-Mi'     \\,iv    viri|i|.c(|    i  111  (  lit  H  m.il  I\'    _'i)    ^(.■(■(•iiiU    licfcrc    llu-    riul    of   totality. 
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of  the  Fraunhofer  spectrum,  vie:  that  the  inner  corona  is 
largely  incandescent,  whereas  the  outer  corona  shines  chiefly 
by  reflected  photospheric  light. 

The  evidence  regarding  the  condition  of  the  matter  com- 
jx)sing  the  corona,  with  the  exception  of  the  very  small 
gaseous  constituent,  is  now  so  strong,  confirmed  as  it  is  by 
so  many  different  methods  of  investigation,  and  so  harmoni- 
ous that  it  may  be  accepted  with  confidence.  Briefly  stated, 
it  is  that  this  matter  is  in  the  form  of  very  small  particles, 
either  solid  or  lic|uid,  or,  what  is  most  probable,  both,  and 
that  within  the  region  usually  observed  this  matter  is  incan- 
descent, the  temperature  Ix^ing  higher  and  the  incandescence 
greater  as  we  approach  the  solar  surface. 

The  motions  of  the  coronal  matter  and  the  causes  of  motion 
are  not  so  well  known,  but  it  may  be  predicted  that  the 
greater  part  of  these  motions  will  be  found  to  result  from  the 
explosive  forces  on  the  Sun's  surface,  gravitational  action 
on  the  lieavier  particles  and  light-pressure  on  the  lighter 
particles. 

The  photometric  plates  present  some  interesting  results, 
chief  of  which  appears  to  be  that  the  prominences  and 
chromospheric  layer  at  the  beginning  of  totality  emitted  more 
light  than  the  corona  proper.  It  may  be  ix)ssible  to  determine 
the  total  amount  of  light  from  some  of  the  grotips  of  promi- 
nences separately,  as  distinct  rings  can  with  some  diflficulty 
be  traced  on  the  negative  taken  near  the  end  of  totality. 

The  second  and  third  contacts  were  well  observed  bv 
Sr.  Chaudet  as  follows : 

1916,  l'VI»rii;iry  3.    r»icac.is  mean  lime. 

Ohscrscd  Computed 

BoRinninKof  totality       ll**  23»"  21*  a.  M.         ll**  2^^  2\*  a  m. 
Kml  of  totality  11     25     51       "  11     25     53      " 

Duration  2     30  2     32 

These  agree  very  closely  with  the  times  obtained  by  the 
party  from  the  Caracas  Observator}\  The  computed  times 
are  given  for  comparison,  the  data  being  taken  from  the 
American  Ephemeris  and  the  correction  of  — lO*  given  by 
Ross  in  Astronomical  Journal  \o.  681  having  been  applied. 
It  will  l)e  seen  that  the  beginning  of  totality  agreed  within 
the  second  and  the  end  diflfercd  but  2"  from  these  predictions. 


252  PUBLICATIONS   OF  THE 

The  position  of  Tucacas  obtained  by  a  commission  from 
the  Caracas  Observatory  is  as  follows : 

Latitude     10"  47'.5  North 

Longitude  68    19 .2  West  of  Greenwich 

In  conclusion,  it  is  a  great  pleasure  to  testify  to  the  aid 
received  from  the  officials  of  the  Venezuelan  Government, 
both  in  Caracas  and  at  Tucacas,  and  to  the  gentlemen  who 
took  part  in  the  observations  on  eclipse  day.  Without  this 
aid  little  of  value  could  have  been  secured.  As  it  is,  a  series 
of  observations  which  is  believed  to  be  of  considerable  value 
was  secured  despite  the  interference  from  the  unfavorable 
sky  conditions.  Just  how  valuable  they  are  cannot,  of  course, 
be  known  until  they  have  been  closely  studied.  It  is  certain, 
however,  that  they  contain  definite  information  on  several 
problems  which  will  serve  to  aid  in  maintaining  a  nearly  un- 
broken series  of  eclipse  observations  for  half  a  century. 

Detailed  studies  of  the  results  when  completed  will  be 
published  in  a  special  volume  along  with  the  very  few  of  any 
value  which  were  obtained  at  the  eclipses  of  1912  and  1914. 

Ohsorvatorio   Xacional   ArgciUino. 
Cor(l()l)a.  June.   1916, 
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SITE  FOR  THE  LARGE  REFLECTOR  OF  THE 
ARGENTINE  NATIONAL  OBSERVATORY. 

By  C  D.  Perrine. 

A  site  for  the  reflectinjj^  telescope  of  l>2-meter  aperture, 
now  in  construction  for  the  National  Observatory  of  the 
.\rgentine  Republic,  has  been  chosen  near  the  southern 
extremity  of  the  Sierra  Chica  about  40  kilometers  southwest 
of  Cordoba.  This  ranf^e  of  mountains  is  some  200  kilometers 
in  length  and  from  about  1200  meters  altitude  at  its  southern 
extremity  to  nearly  2000  meters  at  the  northern  end  where  it 
connects  with  the  much  more  extensive  Sierra  Grande  farther 
to  the  west. 

A  considerable  ix)rtion  of  this  latter  range  is  of  exceptional 
interest.  From  a  point  almost  due  west  of  Cordoba  where 
there  is  a  group  of  needle-like  peaks  known  as  the  Gigantes 
rising  to  altitudes  of  2300  meters,  the  top  of  the  range  for 
oyer  100  kilometers  to  the  south  is  a  nearly  level  mesa  averag- 
ing about  five  kilometers  in  width  and  over  2000  meters  in 
altitude.  The  sides  of  this  portion  ('particularly  the  west 
si<le)  are  steep  and  precipitous.  The  plains  at  the  foot  of 
this  range  vary  from  about  400  to  800  meters  above  sea-level. 
The  mesa  itself  (known  as  the  Pampa  de  Achala)  is  covered 
with  a  luxuriant  carpet  of  grass  and  water  is  fairly  abundant. 
Large  herds  of  cattle  are  pastured  on  this  pampa. 

With  the  exception  of  the  grass  on  the  top,  the  vegetation 
in  this  region  is  scant. 

The  Sierra  Chica  is  of  the  usual  tyi)e  of  low  mountain 
fonnation,  resembling  in  general  appearance  the  Coast  Range 
to  the  west  of  Mount  Hamilton,  except  that  there  is  much 
less  vegetation  in  the  Sierra  Chica. 

The  site  selected  for  the  reflector  is  a  rounded  knob  1200 
meters  above  sea-level  on  the  west  side  of  the  range,  not  far 
from  its  southern  extremity,  overlooking  the  valley  between 
Chica  and  Grande.  From  its  summit  are  visible  .-^Ita  Gracia, 
the  nearest  railway  station,  20  kilometers  distant  to  the  south- 
east ;  C6rdol>a,  40  kilometers  to  the  northeast,  and  the  ex- 
tensive pampas  for  a  long  distance  to  the  north,  east  and 
south,  as  well  as  the  higher  mountains  to  the  west  and  north. 
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The  site  is  but  a  kilometer  from  the  main  new  highway 
which  crosses  the  Sierra  Chica  at  this  point  from  the  plains 
at  the  east  (Alta  Gracia,  Cordoba  and  the  pueblito  of  Falda 
del  Carmen)  to  the  great  estancia  of  Bosque  Alegre  (in  the 
edge  of  which  the  site  is  situated)  in  the  valley  between  the 
Chica  and  Grande,  to  the  west.  From  Bosque  Alegre  the 
highway  passes  north  some  50  kilometers  to  the  southern 
end  of  Lago  San  Roc|ue  which  supplies  Cordoba  with  electric 
power  and  water  and  also  an  extensive  region  about  with 
irrigation.  At  the  southern  end  of  this  lake  the  road  meets 
three  others,  one  crossing  the  range  to  the  east  to  Cordoba; 
one  extending  around  the  lake  and  to  the  north  thru  the 
valley  to  Cosquin,  Capilla  del  Monte,  etc.,  and  a  new  road 
to  the  west,  which  crosses  the  Sierra  Grande  north  of  the 
Gigantes  and  gives  access  to  the  great  valley  region  farther 
to  the  west. 

This  system  of  roads  is  probably  the  finest  in  the  Republic. 
Many  of  them,  including  the  one  giving  access  to  the  Ob- 
servatory site,  are  newly  made  within  two  years  and  all  are 
macadamized  for  the  greater  part  of  their  lengths,  making  a 
good  system  of  automobile  highways.  For  the  most  part  the 
scenery  is  interesting  and  picturesque. 

The  site  for  the  reflector,  which  comprises  fourteen  hect- 
areas»  is  being  donated  by  Mr.  Henry  Reynolds,  owner  of 
the  estancia  Bosque  .\legre.  It  contains,  besides  the  hill 
proper  upon  which  will  be  located  the  telescope,  an  exten- 
sion to  the  canyon  to  the  south,  in  which  is  a  small  stream 
of  perpetual  water. 

The  hill  is  without  trees,  but  is  covered  with  a  thick 
growth  of  tuft-grass,  in  many  places  waist  high,  which  should 
be  abnost  as  good  as  trees  as  a  protection  against  excessive 
heating  and  radiation. 

Before  anything  was  known  of  this  site,  many  points  in 
the  mountains  to  the  north  had  been  explored  and  five  of 
them  tested  by  sending  observers  and  instruments  to  secure 
meteorological  observations  and  tests  of  the  transparency 
and  steadiness  of  the  atmosphere.  These  stations  were  at 
altitudes  of  from  600  to  over  1700  meters — or  from  100 
meters  to  1200  meters  above  the  surrounding  pampa.     Two 
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of  the  stations  were  at  altitudes  of  over  1700  meters,  one 
just  north  of  the  Gigantes  on  the  Pampa  San  Luis  (which 
resembles  to  a  considerable  extent  the  higher  Pampa  de 
Achala,  a  little  to  the  south),  the  other  nearly  a  hundred 
kilometers  to  the  north  on  the  top  of  abrupt  peaks.  It  was 
desired  to  test  the  high  pampa  regions  especially,  for  if  the 
astronomical  conditions  were  good  there,  they  were  other- 
wise ideal  for  a  station.^ 

Several  facts  stood  out  clearly  from  these  observations 
which  are  of  sufficient  general  interest  to  give  here: 

A.  One  hundred  meters  above  the  pampa  was  not  enough 
to  greatly  reduce  the  diurnal  range  of  temperature.  The 
night  range,  however,  was  reduced  to  half  or  less. 

B.  Altitudes  of  400  meters  above  the  pampa  (two  stations) 
showed  a  reduction  of  diurnal  range  to  7°  or  8°  C.  (half  that 
on  the  pampa)  and  a  nocturnal  range  of  2°  to  3°  Centigrade 
on  clear  nights. 

There  is  reason  to  believe  that  under  actual  observing  con- 
ditions the  temperature  range  will  be  even  more  favorable 
than  the  results  efiven  above.  Photoc^raphic  observ^ations  at 
the  twn  station^  of  interni<.'(liate  altitude  were  made  Ixith  at 
the  heL:iniiint;  and  end  of  14  ni,i;hts  in  early  June  and  early 
Xovemher  in  1*'1.\  The  averaj^e  interval  of  these  14  series 
was  S'j  hours  and  the  mean  ram^a'  of  temperature  T  .07  C. 
In  one  of  thr  sciaes  ohscrx'ations  were  also  made  about  three 
hours  aftrr  dark  on  all  hut  one  ()\  the  ni.q'hts.  Two  of  the 
remaining  nii^hls,  one  at  eaeh  station,  were  al)normal,  the 
temperature  cdian.i^iut;  ^  .S  in  one  ease  and  4  .0  in  the  other. 
(  )mittin.i4'  these  two  ea^es,  the  remaining'  11  g'ive  an  average 
interval  of  se\'en  hom-s  and  an  average  range  of  temperature 
(luring  that  time  of  i)  .(\  C.  it  seems  probable,  therefore, 
that  on  a  majoritx   of  the  hetter  nights  from  about  two  hours 

'  1  lu-  '>ii!ii''ri  hn-  k.'  tinrd  >uci!  eiirniitv  Iric  that  it  is  the  intention  to  move 
th':  <nfi!'-  I  !  .-ri  \  .it.  .r  s  r..  fli._  m<  i'irn.-i)ii-  rliat  I  lake  this  opportunity  to  say  that 
such  ■■-  !.'  ■'  th'  I,!-'/  'I  lie  i''.iir;>.i;  .'i'i\ ,,  !ii.t;.^'i^  aio  vm  j.;rc.'it  I'f  having  all  the  work 
po-^;'-]'  'Imi,.  im  ■!  .;....  I,,  ;i  i:ir;.'(  r ' T ■/  tl'.at  ir  :^  Milrt^ir,!  t>_'  cr)iitinne  that  policy 
anl  "'i;y  ir. ('•:-■  -''.-'i  '  ■-(  :  \  a"  i-n  -  in  ■'..'_'  iii' an'.t  a  1 1:^  a'^  rcijiiirc  the  better  conditions 
f<.a!Tp|  fla  •*',  ;i.'a  :\  •^,  aai  '  ]  i -'  i  -  -  ■  i  a:  vwv.  ihr--r  nl  i-^cTvat  i'^iT^  to  a  large  extent 
in  ('■'■I'l'i.  I  '■  '■>■;'  a  "\  I'm;  <  )'  ~.  'vat'iiy  nil  th.c  hl'jtT  lavcrlooking  the  city  of 
(_'''>:  l' '' '.i  \-  -,.' 1  - 1 .  '  ; -;  ;.  ■■•■.  ;!■(, '.'  =  '. 'a  n  cii^j'c  work  aii<:l  f'jr  must  photographic  work 
\'.a  t  i  i     -  n .  I '.  1     ,■,■:'  t     1 '  M  ■  i  ■  •  i  r  1  •,   -  a' !, a  1     1 1;  1  ■  ^  c  •  ■  p  <  ^ . 
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after  dark*  the  range  of  temperature  should  seldom  exceed 
1°  C.  in  the  open  air.  If  any  different,  the  site  at  Bosque 
Alegre  should  be  slightly  better  than  the  two  at  which  the 
above  results  were  obtained.  Altho  the  above  data  is  limited, 
there  is  no  reason  to  believe  that  it  is  not  entirely  represen- 
tative. 

Simultaneous  observations  in  Cordoba  gave  a  mean  range 
of  temperature  of  6°  C.  for  the  same  intervals,  falling  tem- 
perature in  practically  all  cases. 

c.  Altitudes  of  1200  meters  above  the  pampa  (two  sta- 
tions) gave  a  diurnal  range  of  temperature  of  4°. 6  and  6°. 2  C. 
(one-third  that  on  the  pampa)  and  nocturnal  ranges  of  about 
2^  C. 

The  conditions  at  these  high  points  were  variable,  due  to 
the  high  gusty  winds,  and  much  less  suitable  for  observing 
than  lower  altitudes. 

D.  At  100  meters  above  the  pampa  there  api^eared  to  be 
no  more  wind  at  night  than  on  the  pampa — where  it  is 
usually  almost  perfectly  calm.  Even  during  stormy  weather 
it  is  the  rule  for  the  wind  to  cease  entirely  at  night  at  the 
Observatory. 

The  two  stations  of  mid  elevation  showed  considcrablv  less 
wind  at  night  than  in  day  time,  but  usually  a  breeze  of  fron\ 
5  to  15  kilometers  per  hour. 

The  two  high  stations  showed  strong  winds  most  of  the 
time,  highest  at  night,  when  they  often  reached  50  and  60 
kilometers.  There  ap^K*ared  to  lie  little  choice  between  the 
high  small  pampa  and  a  |)eak  in  either  the  matter  of  tem- 
perature or  wind. 

E.  C)n  account  of  the  wind  it  is  difficult  to  draw  anv  verv 
reliable  conclusions  as  to  the  steadiness  and  sniallness  of 
image,  the  observations  being  photographic,  and  adequate 
wind  protection  being  impossible  under  the  circumstances. 
To  the  naked  eye  the  stars  were  very  steady  and  free  from 
twinkling  under  all  normal  conditions. 

F.  The  transparency  of  the  air  at  all  altitudes  is  good. 
At  the  higher  altitudes  the  sky  was  very  black.  I  have  never 
seen  the  sky  darker  right  up  to  the  limb  of  the  Sun  than  at 
one  of  the  1700-meter  stations. 
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The  details  of  the  observations  made  at  these  different 
stations  will  be  published  in  a  volume  of  the  Resultados, 

A  site  had  been  selected  about  300  meters  above  and  near 
to  the  generating  station  of  the  electric  company  at  Casa 
Bamba,  and  negotiations  had  been  under  way  for  some  time 
for  a  site  when  the  location  at  Bosque  Alegre  was  brought 
to  my  attention.  The  accessibility  of  this  jx>int,  together 
with  the  favorable  appearance  of  other  conditions,  caused  me 
to  send  an  expedition  and  obtain  a  series  of  meteorological 
observations  similar  to  those  at  the  other  points.  The  results 
were  so  favorable,  slightly  better  than  at  any  other  point, 
that  the  offer  of  sufficient  land  by  Mr.  Reynolds  was  at  once 
gladly  accepted. 

Notwithstanding  its  altitude,  the  wind  was  consistently 
less  at  night  than  in  the  day  time,  as  favorable  in  that  respect 
as  any  of  the  other  stations  tested  except  possibly  the  very 
lowest.  The  day-time  winds  at  the  Bosque  'Alegre  site  aver- 
aged 19  kilometers  per  hour. 

The  ranges  of  temperature  were  essentially  the  same  as  at 
the  other  stations  tested,  for  the  same  altitude. 

The  number  of  clear  nij:^hts  will  not  differ  f^reatly  amoni::; 
the  points  tested  nor  from  those  available  in  Cordoba.  The 
hig'her  mountains  are  occasionally  observed  to  be  covered  by 
clouds  when  it  is  clear  on  the  pampa.  so  that  there  may  be 
slii^htly  fewer  nij^^dits  clear  there.  This  is  by  no  means  cer- 
tain, however,  for  the  reverse  has  been  observed  in  a  few 
cases,  and  there  are  some  conditions  which  would  probably 
tend   t(»  e(jualize  the  above  possible  disadvanta^^e. 

'I'here  is  one  cnndition  which  is  j4"eneral  in  all  this  re^^ion 
and  which  is  (A  prime  im])()rtance  for  lon^  jjro^i^rams  of  ob- 
servation. The  clear  nights  are  distributed  thruout  the  year 
with  considerable  uniformity.  There  are  fully  as  many  clear 
nii^hls  in  winter,  on  the  avera.i;e,  as  in  summer,  and  usurdly 
a  slii^dit   excess. 

The  land  has  been  siir\e\e(l.  boundary  monuments  erected, 
and  the  site  for  the  dome  cleared  almost  to  the  level  for 
the  foundations  for  the  walls.  The  road  to  connect  the 
(  )b^ervatnr\'  peak  with  the  main  hijL^hway  is  nearly  com- 
pleted,   an<l    a    small    catchment    reservoir    in    a    nearby    ^ulch. 
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to  provide  water  for  building  purposes,  has  been  constructed. 

The  parts  of  the  dome  are  in  Aha  Gracia,  awaiting  the 
completion  of  the  connecting  road  to  be  hauled  to  the  summit. 

As  sixm  as  the  freezing  weather  is  over  it  is  hoped  to  com- 
mence the  walls  and  to  complete  them  during  the  summer, 
ready  for  the  mounting  of  the  dome  the  following  winter,  or 
sooner  if  possible. 

The  back  of  the  large  mirror  has  been  ground  and  polished, 
the  edge  is  ground  and  grooved,  and  the  90""  flat  for  testing 
is  nearing  completion. 

Obscrvatorio  Nacional  Argentine, 
G'lrdoba,  June  29,  1916. 
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COMMENTS  ON  THE  DAYLIGHT  SAVING 

PROBLEM. 

By  W.  W.  Campbell. 

[The  following  comments  on  the  subject  of  "daylight  saving"  were 
prepared  by  request  of  the  Chamber  of  Commerce  of  one  of  the  great 
cities  of  the  United  States.  Answers  to  five  questions  were  asked  for. 
The  questions  are  not  here  printed,  but  their  substance  may  be  inferred 
from  the  comments.] 

FOREWORD. 

The  time  system  which  prevailed  in  the  United  States 
prior  to  1884  was  a  hodge-podge  that  could  not  be  endured 
by  a  progressive  people.  The  Standard  Time  system  now 
in  use  brought  order  out  of  confusion,  except  in  a  few  far- 
western  intermountain  localities  where  the  railroads  have 
carried  the  system  to  excess  for  their  own  convenience.  There 
are  today  certain  proposals  for  "saving  daylight"  which 
threaten  a  return  of  confusion  in  the  time  system. 

The  problem  of  daylight  saving  is  a  much  more  difficult 
one  for  our  very  large  country,  extending  over  59°  of  longi- 
tude, than  it  is  for  the  small  European  countries,  France, 
(jennaii)-,  SwitzcrlaiKl.  Italy,  Denmark,  Xorway,  SulmIcii. 
Cifcat  Ilrilain,  only  one  of  which  extends  (very  slii^luly  i  <Aer 
more  than  13'  (one  lionr)  of  loni^itnde.  The  Iuiro|K\an  ex- 
|)erienee  of  the  |)ast  snmmer  was  not  nnder  normal  Cijndi- 
tions,  and  was  therefore  not  a  fair  test.  It  was  nnder  war 
conditions,  when  people  will  do  anythini^^  that  their  j4o\-ern- 
ment^  recjnest.  It  is  not  snrprisini;'  that  northeastern  r,er- 
man}'.  which  was  working-  thirt}'  minntes  or  more  hehiiKl  Sun 
time,  should  want  the  workini;;  day  advanced.  Western 
("Germany,  includin.i^^  llamhur^-,  Bremen,  Frankfort  and  the 
Rhine  pro\'inces.  which  formerly  worked  twenty  to  thirty 
minutes  ahead  of  the  v'^un,  are  now  working  from  one  hour 
and  twent)'  minutes  to  one  hour  and  thirty  minutes  ahead 
of  the  Sun.  It  does  not  fullow  that  the  Khine  j)rovinces  will 
consent  t<)  thi>  extreme  a<lvance  of  the  workini^r  dav  in  xears 
of  ])eace. 

Great  lu-itaiu  <  not  including  Ireland)  ran  with  clocks 
adwanced  one  liMur  during;-  the  months  of  the  ])ast  summer, 
hut    the    clocks    were    changed    hack    to    the    old    sx'stem     on 
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October  1.  There  was  considerable  dissatisfaction  with  the 
new  system,  even  for  the  summer  months,  and  a  commission 
of  inquiry  has  been  appointed  to  determine  whether  the 
advantap^es  exceeded  the  disadvantages,  witli  reference  to 
deci(Hng  what  time  system  the  Kingdom  should  use  next 
summer. 

The  experience  of  the  city  of  Cleveland  is  not  a  test  of  the 
question.  For  a  long  time  Cleveland  was  nmnmg  on  the 
90th  meridian  time ;  that  is,  thirty-three  minutes  slow  of  the 
Sun.  The  marvel  is  that  Cleveland  endured  the  situation  so 
long.  It  is  no-  surprise  and  no  test  of  the  main  question 
that  Cleveland  should  belatedly  prefer  nmning  twenty-seven 
minutes  fast,  winter  and  summer,  to  running  thirty-three 
minutes  slow,  winter  and  summer.  The  case  of  Detroit  is 
analogous,  .\fter  working  for  many  years  with  clocks  twenty- 
eight  minutes  slower  than  the  Sun,  it  is  no  sur|)rise  that 
their  experience  of  the  last  year  should  lead  them  to  prefer 
clocks  thirty-two  minutes  fast  over  clocks  twenty-eight 
minutes  slow\ 

QUESTION  I. 

I  favor  the  daylight  saving  plan  if  not  carried  to  extremes, 
and  if  accomplished  without  intro<lucing  confusion  in  the 
time  svstem  of  the  communitv,  nation  and  world. 

QUEST lOX    II. 

I  favor  it  chieflv  in  order  that  the  dav's  work  mav  be  com- 
pleted  in  time  to  give  <laylight  out-of-d(X)r  recreation  to 
workers  and  workers'  families.  The  middle  of  the  work  dav 
in  nearly  the  whole  of  our  country,  and  in  essentially  all 
other  countries  under  nonnal  conditions,  falls  later  than  the 
middle  of  the  Sun  day,  which  is  unfortunate.  The  ten-hour 
labor  day,  7:00  \.  m.  to  6:00  p.  m..  and  the  eight-hour  labor 
day,  8:00  .\.  m.  to  3  KX)  p.m..  have  their  mid-iK^int  one-half 
hour  after  the  Sun  is  on  the  meridian.  The  office  day, 
9:00  .\.  M.  to  5:00  p.  m..  has  its  mid-[)oint  at  1  :(X)  p.  .m.  The 
mo<lern  store  day,  9:00  a.  m.  to  6:00  p.  m.,  has  its  mid-ix)int 
at  1 :30  p.  .M.  The  practical  result  of  these  hours  is  that 
workmen,   store   clerks,  etc.,  are    freed    from   their  duties   so 
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late  in  the  day  that  after  reaching  their  homes  and  eating 
their  dinners  the  daylight  hours  are  gone,  except  in  the  early 
summer  months.  Healthful  and  economic  recreation  is  in 
essence  denied  them,  and  for  diversion  too  large  a  propor- 
tion have  no  other  recourse  than  the  cheap  shows  with  poor 
programs  and  poorer  atmosphere.  Many  workers  are  not 
tempted  to  healthful  recreation  because  the  night  hours  are  on. 

The  saving  of  eyesight  and  the  saving  of  illumination 
bills  are  important,  but  in  a  minor  degree. 

The  advancing  of  the  work  day  by  too  great  an  amount 
would  be  objectionable.  Those  who  prepare  the  breakfasts 
would  have  to  get  up  too  early.  In  the  cities,  where  there 
are  many  hot  nights  in  the  summer  months,  it  would  send 
the  families  to  bed  too  early  in  hot  and  stuffy  bedrooms 
where  restful  sleep  is  not  possible,  and  it  would  rout  the 
families  out  too  early  in  the  cool  of  the  morning  when  they 
could  sleep  restfully.  It  should  be  remembered  that  the  Sun 
always  has  been  the  ruler  of  the  day  and  I  think  it  always 
will  be.  The  law-making  powers  should  not  try  to  force 
the  people  too  far  out  of  step  with  the  Sun:  that  would 
probably  lead  to  successful   resistance. 

Ql'IvSTION   III. 

I  do  not  think  that  daylii^ht  savinjCf  on  a  nation-wide  basis, 
by  such  simple  act  of  Cong^ress  as  that  of  setting"  the  clocks 
one  hour  ahead,  is  practicable.  Our  country  is  too  \n^.  The 
I^resent  v^tandard  Time  system  is  tine,  the  people  are  accus- 
tomed to  it  and  like  it.  It  could  doubtless  be  improved  in 
certain  regions;  for  exam|)le,  in  eastern  (  )hio,  western 
Pennsylvania,  eastern  h^lorida.  southern  Arizona,  etc.,  where 
the  clocks  are  thirty  or  forty  minutes  slow  of  the  Sun.  There 
are  man)'  other  great  regions,  such  as  the  central  ])arts  of 
the  Dakotas.  Nebraska.  Kansas.  (  )klahoma,  Texas,  etc.. 
where  the  clocks  are  running  from  thirty  to  forty  minutes 
in  advance  (^i  the  Sun.  If  the  work  day  were  set  forward 
one  hour  by  national  action,  many  regions  would  be  0])erat- 
ing  moi'e  than  an  h<»ur  and  a  halt  in  advance  of  the  Sun. 
which  is  too  much.  I  think  that  no  community  should  be 
asked  to  work  more  than  one  hour  in  advance  of  the  Sun, 
under  normal  conditions,  even   in  the  l<-)ng  summer  months. 
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QUESTION  IV. 

I  should  be  glad  to  have  the  work  day  in  advance  of  the 
Sun  during  the  summer  months,  beginning  with  2:00  a.  m.. 
May  1,  and  ending  at  2:00  a.  m.,  October  1  ;  and  to  have  the 
work  day  in  the  winter  months  not  appreciably  behind  the 
Sun  day,  but  as  nearly  coincident  with  the  Sun  day  as  is 
practicable. 

There  is  no  point  in  delaying  the  summer  advance  until 
June  1.  Thruout  the  United  States  the  Sun  rises  less  than 
two  minutes  later  (by  the  clocks)  on  June  1  than  it  does  on 
June  22.  It  rises  earlier  (by  the  clocks)  on  June  1  than  it 
docs  on  July  1.  The  daylight  is  as  long  on  April  1  as  on 
September  12.     It  is  as  long  on  May  1  as  on  August  12. 

The  public  would  not  like  to  begin  the  summer  advance 
when  the  weather  is  still  cold.  April  1  is  too  early  for  the 
the  change.  If  the  first  morning  of  the  new  system  should 
be  cold  and  stormy,  the  change  under  the  unfavorable  con- 
ditions would  create  prejudice  on  the  part  of  those  who  do 
not  think  twentv-four  hours  ahead. 

May  1  is  a  better  time  to  start,  as  the  weather  will  in 
general  be  warm,  and  the  people  will  then  be  longing  for 
out-of-door  life. 

October  1  is  a  favorable  time  to  change  back  to  the  winter 
system,  because  the  latter  half  of  September  in  the  United 
States  is  generally  fine  out-of-door  weather;  and  there  is  the 
further  fact  that  the  Sun  rises  ten  minutes  earlier  and  sets 
ten  minutes  earlier  than  the  clocks  indicate,  owing  to  what 
astronomers  call  the  equation  of  time.  The  people  will  not 
want  to  change  their  habits  while  the  good  weather  lasts. 
Up  to  October  1  nearly  ever>'body  would  have  the  extra  day- 
light for  recreation. 

QUESTION  v. 

It  is  not  certain  that  a  satisfactory  basis  of  change  has  yet 
been  proposed.  In  my  opinion  the  Standard  Time  system 
should  remain  essentially  as  it  is,  and  daylight  saving  should 
be  accomplished  by  other  means  than  that  of  changing  clocks 
forward  in  the  spring  and  backward  in  the  fall.  The  clock 
system  should  be  settled  correctly  once  for  all,  and  be  left 
unchanged.     There  is,  of  course,  the  psychological  point  that 
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the  people  are  accustomed  to  stopping  for  the  noon  hour  when 
the  clocks  indicate  twelve,  and  many  will  be  inclined  to  say 
that  a  change  in  that  custom  will  be  difficult  to  establish. 
A  change  in  the  clock  reading  of  the  noon  hour  might  cause 
slight  confusion,  but  it  would  not  last  more  than  a  day  or 
two.  I  would  suggest  as  a  basis  for  daylight  saving  that 
the  legislature  of  each  state  decide  what  the  noon  hour  for 
state  and  county  officials,  public  schools  and  other  state  in- 
stitutions shall  be,  and  what  the  hours  for  banks  and  courts 
shall  be.  For  example :  in  Ohio,  that  the  noon  hour  in  winter, 
October  1  to  May  1,  shall  be  11 :30  to  12:30  Central  Standard 
time,  and  in  the  summer  11:00  to  12:00  Central  Standard 
time.  Correspondingly,  I  would  suggest  that  the  six  New 
England  states  decide  for  the  same  noon  hours  as  above,  but 
in  Eastern  Standard  time.  Congress  could  fix  the  hours  for 
the  District  of  Columbia,  and  decree  that  the  hours  for 
United  States  courts  and  United  States  officials  and  employees 
within  the  various  states  should  conform  to  the  local  legal 
hours.  An  established  noon  hour  for  school  children  and 
jc^overnment  officials,  and  established  banking  hours,  would 
1)0  very  strong-  incentives  for  all  mannfactnrin*:;;  concerns, 
stores,  etc.,  t<>  have  the  same  noon  honr,  and  to  make  the 
corresponding;'  advance  in  the  times  of  hei^innin^'  and  ending 
the  day's  work.  If  there  shonld  Ix'  individnals  and  institu- 
tions which  decline  to  advance  their  work  day.  the  same  in- 
dividnals and  institutions  would  j)rohal)ly  decline  to  advance 
their  work  day  if  the  device  of  settin<^  all  clocks  forward  a 
half  hour  or  an  hour  were  ordered  hy  the  (lOvernment. 

I  a<lmit  that  uncertaint}'  exists  as  to  how  far  the  j^svcho- 
lo^ical  element  of  de])endence  ui)on  the  actual  readin^<^  of  a 
clock  face  will  control  the  decisions  of  individuals  and 
ori^anizatif  >ns. 

To  the  act  of  falsi f\inLi"  the  time  hv  settintr  the  clocks 
thirt}-  minutes  or  sixty  nu"nutes  fast  there  is  very  little 
trrliiiical  ohjeciion.  Records  of  events  wdiich  ought  to  he 
made  in  ah-ohite  time,  so  that  the  instant  of  hap|:)ening"  could 
he  located  precisely  at  any  future  date,  could  still  be  made  in 
one  of  the  existing  delmite  >\  stems.  Interest  in  tlic  ])recise 
time    when    an    ordinar\'    exent    of    dailv    life    occurs    vanishes 
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very  quickly.  Outside  of  the  domain  of  pure  science  we 
almost  never  go  back  a  month  or  a  year  to  inquire  as  to  the 
precise  second  or  minute  or  liour  when  something  happened. 
The  morning  or  the  evening,  the  forenoon  or  the  afternoon, 
the  day  or  night,  are  usually  sufficient.  The  lack  of  a  logical 
time  system  before  the  year  1884  does  not  embarrass  us  today. 
However,  the  changing  of  clocks  by  cities,  localities  or  states 
would  pro<Iuce  a  certain  amount  of  confusion  which  we  ought 
to  avoid  if  possible.  I  think  we  should  not  throw  the  clocks 
out  of  step  with  those  of  surrounding  localities,  those  of  other 
other  states,  and  those  of  other  nations.  The  changing  of 
all  the  clocks  in  the  United  States  by  national  decree  would 
produce  a  certain  amount  of  confusion.  For  example:  if 
the  Canadian  Government  did  not  institute  the  same  practice 
there  would  be  confusion  along  the  boundary  line. 

I  think  that  city  authorities  should  be  slow  to  act.  A  suit- 
able commission  ought  to- consider  the  problem  for  a  large 
group  of  states,  such  as  the  New  England  states,  or  for  the 
nation.    The  falsifying  of  clocks  should  be  avoided  if  possible. 

QUESTION  VI. 

None  of  the  methoiis  thus  far  pro|X)sed  would  affect  the 
daily  life  of  the  Lick  Observatory,  but  we  should  not  like  to 
have  our  clcKk  faces  read  Denver  time,  as  they  would  if  the 
state  or  nation  ordered  all  clocks  to  be  set  forward  one  hour. 
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PERCIVAL  LOWELL. 

By  the  sudden  death  of  Dr.  Percival  Lowell,  at  Flagstaff, 
Arizona,  on  November  13,  America  has  lost  one  of  her  best- 
known  a>lruniiitKrs,  a  man  who  made  large  contributions  to  the 
advancement  of  tii»  chosen  science  not  only  by  his  own  obser- 
valionii  and  stiidict.  but  also  by  building  and  maintaining 
al  hi*  |)er«>nal  est  an  observatory  equipped  with  powerful 
t«lesco]»c^  ami  atcissory  instruments  at  which  a  staff  of  ex- 
|icrt  observers  c<>di>erated  in  his  researches. 

In  additiim  li>  these  services  he  has  dune  more,  by  his 
charming  lioiiks  and  his  popular  lectures,  to  interest  the 
general  public  in  astronomy  than  any  man  since  Newcomb. 

In  the  imblic  mind  Lowell's  name  is  associated  almost  ex- 
clusively with  the  planet  Mars  and,  in  particular,  with  the 
theory  he  advocated  so  skilfully  that  our  neighbor  planet  is 
the  abode  of  intelligent  life.  Mars  did,  in  fact,  receive  more 
of  his  own  aitcniir>n  than  any  other  object:  but  his  personal 
olM(ervaiion>  cxtcmled  to  all  of  the  planets  of  our  system 
from  Mercury  to  Saluni  (and.  to  a  lesser  degree,  to  Uranus 
and  \fl*tuHr).  and  the  Lowell  Observatory,  under  his  direc- 
tion. ha«  alMi  niaik'  important  contributions  to  our  knowledge 
of  (lie  stellar  universe,  particularly  by  the  discovery  and 
nwasareinent  of  double  stars  and  by  photographic  and  spectro- 
graphic  investigations  of  the  spiral  and  other  nebulx.  The 
energy  and  enthusiasm  with  which  Mr.  Lowell  and  his 
•saociates  have  woiiced  since  the  foundation  of  the  Lowell 
Obaervatory  in  1894  is  made  manifest  by  the  three  large 
c]uarto  volumes  of  the  ".\nnals  of  the  Lowell  Observatory." 
and  the  seventy-three  "Bulletins  of  the  Lowell  Observatory" 
whidi  have  already  been  issued,  l^st  year,  in  addition  to 
tbeae,  Mr.  Lowell  began  the  publication  of  a  series  of 
"Memoirs  of  the  Lowell  Observatory,"  containing  theoretical 
researches  in  celestial  mechanics.  The  two  memoirs  so  far 
distributed  contain  his  personal  studies  of  the  problem  of  a 
Trans- Neptunian  planet  and  of  the  structure  of  Saturn's  rings. 

To  these  technical  works  must  be  added  his  widely  known 
books  "The  Solar  System."  Mars  and  its  Canals,"  "Mars 
as  the  Abode  of  Life."  and  "The  Evolution  of  Worlds";  and 
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his  numerous  popular  lectures.  Only  a  month  before  his 
death  he  delivered  at  Berkeley  and  at  Stanford  University 
the  last  two  addresses  of  a  lecture  tour  among  the  colleges 
of  Idaho,  Washington,  Oregon  and  California. 

His  astronomical  researches  by  no  means  absorbed  all  of 
Mr.  Lowell's  energies;  he  was,  indeed,  a  man  of  wide  in- 
terests and  of  many-sided  ability.  Long  before  he  founded 
the  Lowell  Observatory  he  had  established  a  reputation  as 
a  student  of  Oriental  life  and  as  a  writer  of  books  on  travel 
and  study  in  Japan ;  and  with  all  his  literary  and  scientifit 
work  he  found  time  to  exercise  .his  keen  business  ability  in 
the  accumulation  and  administration  of  a  large  fortune. 

Many  astronomers  have  been  unable  to  adopt  Mr.  Lowell's 
point  of  view  on  some  questions  or  to  agree  with  all  of  his 
conclusions,  but  every  one  interested  in  astronomy  appreciates 
the  great  value  of  his  work  in  extending  our  knowledge  of 
the  planets  of  our  system,  and  admires  the  generosity  with 
which  he  has  supported  the  observatory  which  bears  his  name. 
His  researches  have  been  recognized  by  the  award  of  the 
Janssen  Medal  of  the  French  Astronomical  Society;  by  the 
award  of  the  (lold  Medal  <>f  the  Mexican  Astronomical 
vSocietv  ;  In'  hoiiorar\'  decrees  conterred  upon  him  1)\'  Ameri- 
can colle.i^es :  and  h}'  honorary  memhershij)  in  the  ]\o\al 
Astronomical  v^'»ciet\'  of  C'anada  an<l  in  other  societies. 

We  deepl\-  rci^ret  his  deatli  while  still  in  the  prime  of  hi^ 
|)0\\er  as  an  <  .l)ver\(^-r  and  as  a  ^tndent — he  was  only  hi  years 
old — and  sincereh'  hojx'  that  such  proxdsion  has  heen  made 
for  the  l.owell  (  ihsei'xatory  at  Ma^statl'.  that  it  may  continue 
hi>   woi-k  and   rc-main   as  a   permanent   memorial   to  him.' 

l\o*r.i:Kr  (i.  ArrkilN. 

Xo\eml.Lr   lO.   10] f. 


'  l)cfin!lc  1  n  1 1 M  111,!  1 1- M!  l:.i^  I.ecM  icc'-ui-'l  ^!r:i_c  tlii.'sc  Imk;^  were  wiitt'/Pi  to  the 
(.Meet  that  I 'i  -  I.iiwcH'^  will  ]ir(.\ii]fv  I.m  the  (,' Mit  !tui;itiuii  of  the  work  oi  the 
L'  iw  ill    (Jli-ei  vatoi  V. 
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KARL  SCHWARZSCHILD.» 

The  war  exacts  its  heavy  toll  of  human  life,  and  science  is 
not  spared.  On  our  side  we  have  not  forgotten  the  loss  of 
the  physicist  Moseley,  at  the  threshold  of  a  great  career;  now, 
from  the  enemy,  comes  news  of  the  death  of  Schwarzschild 
in  the  prime  of  his  powers.  His  end  is  a  sad  story  of  long 
suffering  from  terrible  illness  contracted  in  the  field,  borne 
with  great  courage  and  patience.  The  world  loses  an 
astronomer  of  exceptional  genius,  who  was  one  of  the  leaders 
in  recent  advances  both  in  observational  methods  and  theo- 
retical researches. 

Karl  Schwarzschild  was  lx)rn  on  October  9,  1873.  His 
mathematical  ability  developed  with  almost  precocious 
rapidity.  His  first  scientific  papers,  relating  to  the  theory  of 
determining  orbits  from  observations,  were  published  in 
the  Astronomische  Xachrichtcn  in  18W;  they  show  such  wide 
reading  combined  with  original  insight  that  it  seems  almost 
incredible  that  the  author  was  a  schoolboy  of  sixteen.  On 
taking  his  university  course,  he  studied  at  first  at  Strasburg 
under  Becker,  and  afterwards  at  Munich.  There  he  came 
under  the  inspiration  of  Seeliger*s  teaching,  which  apparently 
was  the  basis  of  his  later  researches  on  stellar  statistics ;  he 
often  expressed  regret  that  the  work  of  Seeliger  was  so  little 
understood  in  other  countries.  His  career  after  leaving  the 
university  is  divided  into  three  stages:  he  was  at  first  Assist- 
ant in  the  von  Kuffner  Observatory,  \ienna ;  in  1901  he 
became  Professor  and  Director  of  the  Observatory  at  Gottin- 
gcn ;  finally  in  1009  he  succeeded  \'ogcl  as  Director  of  the 
Astrophysical  Observatory.  Potsdam. 

Schwarzschild's  researches  were  amazingly  varied.  He 
was  a  master  of  almost  all  branches  of  physical  and  mathe- 
matical science.  It  is  difficult  to  pick  out  any  one  work  as 
his  special  title  to  eminence ;  for  it  was  not  his  way  to  write 


*  We  reprint  this  admirable  summary  of  the  work  of  a  freat  German  astronomer 
from  the  English  astronomical  journal.  The  Observatory  (August,  I9I6),  both 
because  it  is  the  most  adequate  account  of  Schwarrschild's  scientific  career  that 
has  been  published  and  because  it  is  a  fine  example  of  that  spirit  of  generous 
appreciation  of  an  enrmy-'s  greatness  which  should  characteriie  all  honorable  men, 
but   which   sectnetl.    for   a   time,   to  be   in   danger   of   being   lost   in   the   present   war. 

Publication  CoMMirrcK. 
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exhaustive  memoirs — to  wring  his-  subject  dry.  He  made  his 
contribution — some  clear-cut  theorem  marking  a  definite  ad- 
vance, which  others  might  follow  and  carry  out  in  detail — 
and  then  he  passed  on  to  some  new  point  on  which  his  genius 
could  throw  light. 

In  practical  astronomy  perhaps  his  chief  wort:  was  his 
determination  of  photographic  magnitudes.  This  was  one  of 
his  earliest  researches,  being  started  at  Vienna  and  developed 
at  Gottingen.  His  method  was  to  draw  out  the  star-image 
into  a  unifonn  patch  of  light,  of  which  the  density  or  grey- 
ness  could  be  measured  in  order  to  ascertain  the  brightness; 
this  spreading  out  of  the  image  was  accomplished  partly  by 
displacing  it  out  of  focus  and  partly  by  making  it  travel  in  a 
definite  manner  over  an  area  of  the  plate.  With  the  coopera- 
tion of  his  assistants  at  Gottingen,  he  compiled  in  this  way 
the  **G6ttingen  Aktinometrie,"  a  catalogue  of  photographic 
magnitudes  of  stars  between  Dec.  0°  and  -{-20°  down  to  the 
limit  7™.5,  reduced  to  an  absolute  scale.  .This  work  brought 
out  very  clearly  the  close  relation  between  the  colour  and 
spectral  type  ot  a  star,  and  :\\<n  the  fact  that  it  is  the  star^ 
of  internie(h"ate  colour — the  yellow  stars — which  have  the 
largest   proper  motions. 

In  thi>  connection  it  may  he  mentioned  that  Schwarz^child 
was  the  first  to  employ  a  coarse  Liratim;"  in  front  of  a  teles- 
cope ohject-.L;lass — a  j)l.an  which  i>>  now  often  nsed  hoth  for 
determining:^  photographic  maiL^Miitudes  and  measuring:'  star 
colonr.  v^chwar/sehild.  ho\\e\er.  did  not  apply  it  to  the<e 
pnrpo^t's.  hnt  measnred  tlu^  separations  n{  donhle  star>>  with 
it.  nsinc;"  it  as  a  kind  of  donl)le-ima,i:e  micrometer;  he  \arie(l 
the  distance  hetwren  the  two  images  hv  inclining;'  the  iLiratini; 
at  different  ani^les  to  the  axis  of  the  telescope.  Hie  method 
does  not  seem  to  ha\e  lieen  tried  on  a  larij^e  scale.  thou.Lih 
the  experiments   with  a  small   telescope  i^aN'e  i^'ood   resnlts. 

'I'o  v^chwaivschild  we  <>we  the  theory  of  radiative  e(|nili- 
hrium  of  the  v^nn.  It  seem>  prohahle  that  this  theory  repre- 
sents the  ol)ser\ed  phenomena  hetter  than  any  other:  hnl. 
like  nnich  of  Schw  arz-child's  theoretical  work,  the  value  lie^ 
not  NO  much  in  the  correctness  of  the  physical  assumptions 
as   in    the    clear    formulation    of    the    prohlem,    enablini.^   us    to 
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appreciate  the  possible  alternatives  and  the  manner  in  which 
they  affect  the  solution.  His  great  step  was  to  recognize  that 
there  are  three  types  of  equilibrium  of  the  Sun's  atmosphere 
according  as  conduction,  convection,  or  radiation  is  the  most 
effective  in  transferring  heat.  By  working  out  the  last 
alternative  he  brought  the  theory  into  a  fit  state  to  be  com- 
pared with  observation,  and  the  value  of  this  would  have 
been  none  the  less  great  even  if  observation  had  been  far  less 
favourable  to  the  radiative  h>^thesis  than  was  actually  the 
case. 

.\nother  im|X)rtant  result  was  his  calculation  of  the  pres- 
sure of  radiation  on  small  solid  particles — of  much  inter^t 
in  connection  with  the  repulsion  of  the  tails  of  comets  by 
the  Sun.  For  moderately  large  particles  sunlight  exerts  a 
pressure  proportional  to  the  cross-section,  whereas  the  force 
of  the  Sun's  gravitation  is  proportional  to  the  cubical  con- 
tents. It  follows  that  *  as  the  size  of  the  particle  decreases 
the  light-pressure  decreases  less  rapidly  than  the  gravitation, 
M>  that  ultimately  the  former  predominates  and  the  particle 
is  rei)elled  from  the  Sun.  Hut  the  repulsion  does  not  in- 
crease indefinitely,  because,  when  the  size  of  the  particle 
Ixfcomes  comparable  with  the  wave-length  of  light,  diffraction 
takes  place.  For  a  very  small  particle  the  light -waves  lx?nd 
round  instead  of  lx?ing  stopped.  There  is  thus  a  certain 
size  of  particle  for  which  the  repulsion  is  a  maximum,  and 
Schwarzschild  calculated  that  this  upper  limit  is  about  19 
times  the  solar  attraction.  In  view  of  the  fact  that  the 
repulsive  forces  observecl  in  comet's  tails  are  sometimes  con- 
sitlerably  greater  than  this,  this  limit  to  the  efficacy  of  light- 
pressure  is  of  great  interest. 

In  stellar  statistics  Schwarzschild's  l)est-known  work  was 
his  ellipsoidal  hy|x)thesis  of  stellar  motions.  Kapteyn  had  in 
l^H34-5  published  a  summary  of  his  celebrated  investigation 
which  showed  that  there  are  two  streams  of  stars.  In  later 
work,  for  the  pur]K)se  of  precise  mathematical  treatment,  it 
had  seemed  l)est  to  take  the  two  streams  quite  literally,  and 
represent  the  motions  as  due  to  two  inde|)endent  systems  of 
stars  passing  through  one  another.  Schwarzschild.  however. 
proposed  a  mathematical  treatment  of  the  phenomena,  which 
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retained  the  essential  unity  of  the  system;  the  double-stream- 
ing was,  of  course,  duly  reptesented  in  his  formulae,  but  he 
avoided  any  suggestion  that  it  arose  from  the  encounter  of 
two  clusters.  The  ellipsoidal  hypothesis  is  a  most  elegant 
piece  of  mathematics,  and  is  specially  adapted  to  simplify 
many  of  the  problems  of  stellar  motions  which  have  arisen. 
Without  it  much  of  the  recent  progress  would  have  been 
impossible.  It  is  characteristic  of  Schwarzschild  that  his 
whole  work  on  this  subject,  which  has  had  so  great  an  in- 
fluence on  stellar  investigation,  is  contained  in  two  papers  of 
28  pages  in  all.  He  made  many  contributions  to  other 
branches  of  stellar  investigation  which  are  too  technical  to 
be  described  here:  but  it  may  be  mentioned  that  his  general 
solution  of  the  integral  equation  of  stellar  statistics  appears 
to  be  not  only  of  astronomical  value  but  a  noteworthy  con- 
tribution to  pure  mathematics. 

Professor  Baker,  in  the  last  number  of  the  Observatory, 
brought  to  light  the  almost  forgotten  fact  that  an  important 
point  in  the  theory  of  exchange  of  stabilities  in  dynamics  is 
due  to  Schwarzschild.  Outside  astronomy,  his  papers  ranched 
over  geometrical  optics,  electrical  theory,  therniod\namics. 
and  the  navigation  of  balloons.  His  last  work  was  a  paper 
on  the  Quantum  Theory  |)ul)lishe(l  by  the  lierlin  Academy  oi 
Sciences  ;  he  corrected  the  j)roofs  on  his  sick-bed. 

Sclnvarzscliild's  characteristics  were  not  those  which  are 
usually  associated  with  the  scientists  of  his  nation.  Keen 
and  restless,  his  nature  was  remote  from  the  slow-plodding 
German  character,  lie  was  a  most  enthusiastic  mountaineer, 
and  had  accomplished  some  of  the  most  desperate  ascents  in 
the  Alj>s.  lie  was  full  of  the  adventurous  spirit,  in  winter 
sf)nrts  in  vSwilzerland,  in  early  Zeppelin  ascents — and  in  the 
last  great  adventure  of  all.  His  writings  are  a  model  of 
clearness  and  concise  expression  ;  he  never  inflicts  on  us  the 
unlxdanced  detail  and  the  mazes  of  analysis — the  penalty  of 
"(lerman  thorouijhness" — which  render  so  manv  German 
scientific  writings  unattractive.  He  goes  straight  to  his  point 
without  an  nmiecessary  sentence.  It  would  be  paying  an 
ill-ser\-ice  to  the  memory  of  one  who  gave  the  final  pnxif  of 
devotion  to  his  countrv,  to  seek  bv  these  traits  to  disassociate 
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him  from  the  rest  of  his  nation.  We  would  rather  say  that 
through  him  a  new  spirit  was  arising  in  German  astronomy 
from  within,  raising,  broadening  and  humanizing  its  outlook ; 
and  we  are  confident  that  he  has  left  behind  an  influence 
which  will  enlarge  and  revivify  the  old  traditions. 


PLANETARY  PHENOMENA   FOR  JANUARY 

AND  FEBRUARY,  1917. 

By  Malcolm  McNeill. 

phases  op  the  moon,  pacipic  time. 

Full  Moon..  .Jan.    7th,  11»»42«  p.m.  Full   Moon.   Feb.   6th,   7»28"p.m. 

Last  Quarter.  "     16th.   3  42    a.m.  Last  Quarter    *'     14th,   5   53    p.m. 

New  Moon...  "    22d.   11    40    p.m.  New  Moon..    "    2l5t,  10     9    A.M. 

First  Quarter.  "    29th.   5     1     p.m.  First  Quarter  "    28th.   8  44    a.m. 

The  year  1917  will  have  the  maximum  number  of  eclipses, 
seven.  Of  these,  three  are  of  the  Moon  and  four  of  the 
Sun.  Tliere  will  not  be  another  year  with  seven  eclipses  until 
1935.  and  then  there  will  be  two  of  the  Moon  and  five  of 
the  Sun.  The  last  previous  occurrence  of  this  latter  phenome- 
non was  in  1823.  Three  lunar  eclipses  occurred  in  1908,  but 
in  that  year  there  were  only  three  solar,  making  a  total  of  six. 
The  average  number  of  eclipses  per  year  is  four  or  five,  but  the 
number  may  be  as  low  as  two.  In  this  case,  which  happened 
in  1904.  both  of  the  eclipses  were  solar  and  both  central. 

There  will  be  two  eclipses  during  January ;  the  first  is  a 
total  eclipse  of  the  Moon  on  the  night  of  January  7-8,  and 
will  be  visible  thruout  the  L'nited  States.  The  circumstances 
of  the  eclipse  are  as  follows.  Pacific  Time: 

Moon  enters  shadow  Jan.  7th,  9'»  50"  p.  m. 
Total  eclipse  begins  "  7th,  11  0  p.  m. 
Middle  of  the  eclipse  '*  7th.  1 1  45  p.  m. 
Total  eclipse  ends  "  8th.  12  29  a.  m. 
Moon  leaves  shadow     "     8th,     1     39     a.  m. 

The  duration  of  totality,  not  quite  an  hour  and  one-half, 
is  longer  than  the  average,  although  not  a  maximum. 

The  second  eclipse  of  the  year  occurs  on  January  22-23, 
and  is  a  partial  eclipse  of  the  Sun.  It  will  not  be  visible  in 
the  Western  Hemisphere.  The  regions  of  visibility  are 
Europe,  except  the  British  Islands  and  Spain.  Northern 
Africa  and  Western  Asia.  The  greatest  obscuration  of  the 
Sun  is  not  quite  three-quarters  of  its  diameter. 
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The  Earth  is  in  perihelion,  that  is,  at  its  least  distance  from 
the  Sun,  on  January  3,  4  a.  m.  Pacific  Time 

Mercury  is  an  evening  star  at  the  beginning  of  the  year, 
coming  to  its  greatest  east  elongation  on  the  evening  of 
January  2.  Its  distance  east  of  the  Sun  is  then  19°  22',  and 
it  remains  above  the  horizon  for  about  an  hour  and  a  half 
after  sunset;  so  that  it  is  in  good  position  for  naked-eye 
observation  in  the  evening  twilight.  This  favorable  condi- 
tion lasts  only  a  few  days,  as  the  distance  between  planet  and 
Sun  begins  to  diminish  rapidly,  more  so  than  is  usual,  as 
the  planet  passes  perihelion  about  midnight  January  11. 
Conjunction  with  the  Sun  comes  on  the  evening  of  Jan- 
uary 18,  and  thereafter  until  March  29  the  planet  is  a  morn- 
ing star.  It  reaches  its  greatest  west  elongation  on  the 
early  morning  of  February  12  and  is  then  26°  3'  west  of 
the  Sun,  nearlv  7°  farther  from  the  Sun  than  it  was  on 
January  2,  but  as  it  is  in  Februar>'  8°  farther  south  than  the 
Sun  it  will  rise  only  a  little  more  than  an  hour  earlier.  It 
may,  however,  be  seen  in  the  morning  twilight  for  a  few 
days  about  the  middle  of  the  month.  Mercury  is  in  con- 
junction with  Mars  on  January  13,  only  f\\'(:^  (lavs  before 
c«  m  junction  with  the  v^un  and  on   Irniuarv  M\  twelve  davs  after 

-  •  -  • 

conjunction  witli  the  v'^un  it  is  in  conjunction  with  J'oms,  l)ut 
in  holh  cases  tJic  planets  are  too  near  the  Sun  for  a  naked- 
e\e   \ie\\  . 

li'iiiis  is  a  inoi'nin.LT  ^['av  thruout  the  period,  risini^  ahout 
two  liours  he-lore  sunrise  on  januar\"  1.  This  interxal  i^radu- 
ally  diminishes  to  ahout  half  an  hour  at  the  end  of  h\'l)ruar\  ; 
hut  the  L^reat  hrii^htness  ot  the  planet  will  allow  it  to  he  seen 
in  the  morning  twiliijht  during"  a  considerahle  part  (d'  the 
period.  The  planet  is  of  nuich  less  than  averai^e  hrij^htness, 
as  it  is  nrarini;"  sup^'rior  conjunction  and  therefore  i^reatest 
distancr  !r(ini  the  hearth.  Thei-e  is  a  clo>c  conjtuiction  with 
/  rdims  (111  h\'hruar\  24.  hut  l)oth  planets  are  too  near  the 
Sun    tor   iiakrd-e\e   \'isil)ilit\-. 

Miirs  i^  si  ill  ;m  c-\riiin^  star,  hut  is  iK'iui^'  _L;raduall\'  over- 
taken hy  the  Sun  in  their  conmiiin  eastward  motion,  and  con- 
junction is  reached  ( »u  the  last  (la\'  of  h'ehruarv.  It  will 
hardly   he    po^sihle   to   see   the   planet    at    any    time   durin^^    the 
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period,  as  it  sets  only  about  an  hour  after  sunset  on  Jan- 
uary 1.  and  the  interval  diminishes  to  zero  by  February  28. 
It  is  in  close  conjunction  with  Uranus  on  February  2.  On 
February  20  it  is  in  perihelion,  or  at  about  the  same  date  as 
it  reaches  its  maximum  distance  from  the  Earth. 

Jupiter  is  in  fine  position  for  evening;  observation  in  the 
western  and  southwestern  skv.  On  Januarv  1  it  does  not  set 
until  an  hour  and  one-half  after  midnight;  and  altho  it  is 
drawing;;  continually  closer  to  the  Sun  it  remains  alx)ve  the 
horizon  until  10  p.  m.  on  February  28.  It  moves  during  the 
|)eriod  about  6°  eastward  and  3^  northward  from  the  con- 
stellation Pisces  into  Aries.     No  bright  stars  are  near  it. 

Saturn  also  is  in  fine  poisition  for  evening  observation, 
coming  to  opposition  with  the  Sun  on  January  17,  when  it  is 
on  the  meridian  at  midnight  and  remains  above  the  horizon 
all  night.  It  is  on  the  meridian  about  20°  degrees  south 
of  the  zenith  at  1**  20"  a.  m.  January  1.  Its  motion  among 
the  stars  is  retrograde  (westward)  about  4°  and  1°  north- 
ward during  January  and  February,  from  the  western  part 
of  Cancer  into  the  eastern  part  of  Gemini.  It  is  nearly  on 
the  extension  of  the  line  from  Castor  (a  Geminorum)  to 
Pollux  ip  Geminorum)  not  quite  twice  the  distance  from 
the  latter  that  the  stars  are  from  each  other,  crossing  this 
line  from  left  to  right  during  the  period.  As  seen  in  the 
telescoi^e  tlie  minor  axis  of  the  ring  is  a  little  more  than 
one-third  of  the  major  axis,  the  rings  being  distinctly 
narrower  than  they  were  during  1916.  There  is  a  close  con- 
junction with  the  Moon  on  the  evening  of  Febniary  4. 
which  Ix'comcs  an  occultation  for  regions  south  of  the  e(|uator. 

Uranus  is  in  the  southwestern  sky  in  the  early  evening 
during  January,  rather  too  close  to  the  Sun  for  naked-eye 
observation.  On  Febniary  8  lU  comes  to  conjunction  with 
the  Sun.  and  becomes  a  morning  star,  but  d<K*s  not  get  far 
enough  away  from  that  IkmIv  for  easy  observation  for  several 
months. 

\ef>tune  comes  to  op|)ositi<)n  with  the  Sun  on  Januar>'  23 
and  is  therefore,  except  for  its  faintness.  in  fine  |K>sition  for 
evening  view.  It  is  in  the  constellation  Cancer  8°  east  of 
Saturn,  and  is  moving  slowly  westward. 
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ERRATUM. 

An  unfortunate  misprint  occurs  in  Dr.  Crawford's  note  on 
the  determination  of  the  longitude  of  the  Students*  Observa- 
tory by  wireless  signals  from  Arlington  in  the  August- 
October  number  of  these  Publications.  Page  210,  line  7, 
should  read:  "to  about  O*.!." 

Publication  Committee. 


NOTES    FROM    PACIFIC    COAST   OBSERVATORIES. 

Notes  on  Some  A  Double  Stars. 

A  note  in  the  December,  1915,  number  of  these  Publica- 
tions, called  attention  to  some  of  the  double  stars  dis- 
covered in  my  survey  which  have  shown  decided  orbital 
motion  in  the  interval  since  their  discovery.  The  continua- 
tion of  the  working  program  there  described  has  revealed' 
motion  in  a  number  of  additional  pairs.  Eleven  of  these, 
which  have  been  fully  measured  at  the  present  epoch,  are 
listed  in  the  following  table : 


Star       :^  Rpocli  A^ 

A  75  1()>.()  — 4cS^ 

M7  13  ./  — 2<S 

556  13    2  +16 

7SX,  A 15    12  .1  +20 

7(A  11   .S  +21 

12  ,3  —22 

11  .0  —57 

10  .6  —13 

10  .6  —41 

9  .9  +31 

/   .8  +17 


772 

9(A 

9S0 

1 22.-^ 

12S1 

191)3 


(li•^0()\"cry 

^  0".2S 

2  0  .34 

0  1    .34 

5  0  .2^ 

9  0  .41 

0  0  .25 

S  0  .18 

0  0  .34 
5  0  .13 
4  0  .45 

1  0  J7 


^  P 

-0".13 
+  0  .02 
+  0  .36 
— 0  .01 
+  0  .05 
+  0  .03 
+  0  .09 
+  0  .06 
+  0  .(X^^ 
+  0  .02 
+  0  .01 


Magiiitiulcs 

7  2 8  () 

8.0 8.3 

6.8 10  5 

9.1 105 

8.0 10  0 

^.7 9.0 

8.8 8.8 

6.8 ^.2 

0.5 9.5 

9.5 10.0 

9.2 9.5 


Measures  of  .\73  in  the  wars  to  I'HJJ  sliow  a  slow  diminu- 
tion in  distance  with  retrooadc  aniLrtilar  motion.  Unfortu- 
nately, no  measures  were  made  in  the  )ears  from  l'H37  to 
I'Mo  and  the  star  i>  now  so  difticult  an  object  tliat  this  \ear's 
measui'es  are  >omew"hat  (li.^c<  irdant.  Meastires  of  A^^*^0  in 
]^K)H  a!id  in  I'M 2  .i^ixe  positions  intermechate  between  those 
of    VnV?  an<l    TMh. 

The  pair  \12S1  is  e-pecial1\  interotini^".  not  only  becatise 
the  ni+ital  ni<tti<>n  is  mni^ualh"  i'a])i<l  tor  a  star  as  faint  as 
*.^0    and    as    widr    as    thi^    one,    but     becatise    the    Cincinnati 
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observers  assign  to  it  the  large  pn^per  motion  of  +O.050  in 
right  ascension  and  — (y\36  in  declination,  which  amounts  to 
0".64  in  the  direction  of  124°. 4.  Obviously  this  is  common 
to  the  two  components.  The  system  is  probably  one  of  the 
nearer  stars  and  should  have  a  measurable  parallax.  Its 
position  for  1900.0  is  2^  44"  54*.  +  45°  35'. 

Three  other  stars  of  which  I  have  as  yet  seaired  only  one 
set  of  measures  at  the  present  epoch  deserve  mention.  They 
are: 

A351. 

1902.48      65*4    QTSS    4" 
191031      75  .8    0  .38    2 
1916.58    220  .3    0  .19    1 

The  magnitudes  are  9.5  and  9.9.  The  change  in  1916  was  so 
great  that  I  checked  the  micrometer  readings  and  the  star's 
identification  with  special  care  and  I  am  confident  that  the 
measure  as  given  is  free  from  mistake. 

.\519.  magnitudes  8.8  and  9.0. 

1903.04    273*2    0".39    3« 
191620    360  .±  0  .10    1 

The  pair  was  too  close  for  accurate  measure  and  the  quadrant 
indetenninate.  As  in  the  case  of  A351.  the  identification  of 
the  star  was  carefully  checked. 

.\1535.  magnitudes  8^  and  8.8. 

190769    34M    0".48    3» 
1916.79    63  .4    0  .35     1 

Many  other  pairs  have  shown  a  change  in  angle  of  from 
5°  to  10°  in  the  period  from  discovery  to  1916. 

One  of  the  stars  mentioned  in  my  former  note  is  A494,  for 
which  my  measures  in  1915  showed  an  apparent  increase  of 
angle  amounting  to  157*^.8  in  the  twelve  years  since  its  dis- 
cover)'. The  measures  secured  this  year  confirm  this  rapid 
motion,  the  angle  having  advanced  14*^.6  in  1.06  years.  There 
is  little  or  no  change  in  the  apparent  distance,  which  is 
about  0^.15.  Robert  G.  Aitken. 


Professor   Keei.Er's   Photographs  of   Xebul.^c. 

.A  limited  number  of  copies  of  \*olume  \'III.  Publications 
of  the  Lick  Obscnatory  {  Profess^jr  Keeler*s  photographs  of 
nebulx  and  clusters  made  with  the  Crossley  reflecting  teles- 
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cope),  are  available  for  distribution  to  astronomers,  students 
of  astronomy,  observatories,  university  and  college  libraries, 
and  other  libraries  of  high  character,  upon  payment  of  the 
mailing  charges.  The  volume  wrapped  for  mailing  weighs 
fivt  pounds  and  will  cost  sixty  cents  to  send  to  points  east  of 
Chicago,  to  Canada,  and  to  such  foreign  countries  as  have 
parcel  post  interchange  with  the  United  States.  The  rates  for 
[XMnts  west  of  Chicago  may  be  ascertained  from  the  local 
postmaster.  Money  order  or  stamps  for  transportation 
charges  should  accompany  the  request. 

W.  W.  Campbell, 
Director,  Lick  Observatory. 


Note  on    Barnard's  Large  Proper-Motion   Star. 

Two  photographs  of  the  spectrum  of  this  star  were  obtained 
in  June  with  the  60-inch  reflector  and  the  Cassegrain  spectro- 
graph. A  camera  of  7  inches  focal  length  was  used  in  con- 
junction with  the  64°  prism  regularly  employed  in  the  in- 
strument. The  first  of  the  two  plates  was  considerably  under- 
cx])(»sc'(1.  hill  tlK'  second  with  an  exposure  time  of  five  hours 
is  n\  \-ery   fair  (|uahty. 

1'he  spcetrum  of  the  star  is  Mh  with  the  jx'cuh'arities 
charaetei'istic  of  the  "dwarf"  stars  of  this  tvpe.  It  is.  in  fact, 
nearly  identical  wilh  thai  n\  CirooinhridiLie  o4.  Krii^'er  r>0.  an<I 
se\eral  other  star>  ot  lartre  proper  motion  and  parallax.  The 
lini.'  a44?4  ot  calcium  used  in  determination^  of  ahsolute  mai;- 
nitude  i^  \ery  sli-oni^".  and  this  is  aNo  the  case  with  the 
nei^iihorin^'  calcium  line  at  A44.>5  and  the  titanium  t^roup  at 
/\43,>3.  The  ahsolute  magnitude  of  the  star  of  the  hasis  of 
the  calcium  line  i^  ahout  11.0  or  11.3.  The  a])parent  mai^ni- 
tude  is  still  somewhat  uncertain:  it"  we  assume  the  value  10. (J 
the  p.arallax  ot'  the  stai-  would  he  ahout  -^(Y'.Z.  It  will  he 
ot'  exceptional  interest  to  c'ompare  this  walue  with  the  results 
of  parallax  oh^eiwers,  siuce  a  cousiderahly  lar<.^er  measured 
parallax  wcuM  iudicale  the  existence  ('t'  stars  of  this  t\'pe 
wilh  a  luminosiix'  much  lowri"  than  au}'  }el  known  to  exist. 

The    radial    \-e]ocil\    ot    the    stai"    was   determined    from    hoth 
[jholoj^raphs.    the    strou^vr    ir<in    lines    and    those    of    calcium 
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beings  used  for  the  purpose.  The  mean  value  from  the 
measurements  of  three  observers  using  from  8  to  10  lines 
is  — <>l^".  W.\LTER  S.  Adams. 


SoMiv  Rkcknt  Spkctr.xl  I'arai.lax   Dktkrminations. 

In  onitinuation  of  the  determination  of  the  ahsohite  magni- 
tude an<I  the  parallax  of*  stars  from  certain  characteristics  of 
their  sjK'ctra,  a  numl)er  of  stars  with  well-determined  meas- 
ured parallaxes  liave  l)een  observed.  Some  of  the  more  in- 
teresting cases  of  this  kind  are  summarized  in  the  following 
table.  The  double  stars  in  particular  form  a  useful  test  of 
the  value  of  the  method  since  the  absolute  magnitude  dif- 
ferences in  these  cases  should  corresjKjnd  to  those  in  apparent 
magnitude.  In  the  table  M  denotes  absolute  magnitude,  and 
the  references  to  measured  parallaxes  are  to  those  by  Slocum 
antl  Mitchell.  Lee  and  Joy,  Schlesinger  and  Rus.^iell.  Kap- 
teyn's  compilation  is  indicated  by  the  letter  K. 


Ml    .'i 

if>cctrui 

m    3/ 

r 

Spec. 

Mens. 

.Authority 

1  Cissiop. 

13.6 
17.6 

Go 
Ko 

42 

8.8 

-fO'M3 
0  .17 

-fO.19 

K. 

T  Ccii 

3.6 

G5 

6.3 

0  .35 

0.32 

K. 

6  Pcrsei 

5.4 

G3 

—0.7 

0  .01 

0.00 

Land  J. 

C)j  Kriilani 

4.5 

Kl 

6.5 

0  .25 

017 

K. 

A  O  4961 

8.5 

K5 

8.7 

0  .11 

0.10 

S.  and  M. 

W   »  5^S92 

8.9 

Ma 

10.1 

0  .17 

0.18 

K. 

A  ()c.9342 

(9.2 
\92 

K9 
K7 

9.6 
9.1 

0  .12 
0  .10 

0.08 

Green 

43  Comar 

43 

Gl 

42 

0  .10 

0.12 

K. 

Hor  B.  5<)72 

9.5 

K7 

86 

0  .07 

005 

R.  L  andj 

Pi  14^212 

i5.8 
18.7 

K5 
Ma 

71 
10.2 

0  .18 
0   3) 

017 

K. 

*  Mcrcnlis 

30 

Gl 

2^ 

0  .07 

014 

K. 

\V.  B.  1.  16»^)6 

8.8 

M(l 

99 

0  .17 

0.13 

L.  and  J. 

.\iKMi.  I7»'34"» 

91 

K7 

10  2 

0  .17 

014 

L.  and  J. 

-I-18'    36' 

A  ()c.  17415 

93 

Ml. 

10.4 

0  .17 

022 

L.  and  J. 

1^'im   18181) 

94 

K7 

9  1 

0  .09 

0.07 

R..  Sch 

0  Dractniis 

4.8 

G9 

67 

0    24 

0.20 

K 

fi  .Aquilar 

3.9 

G7 

M) 

0  .07 

007 

\\. 

>  Dclphini  .\ 

4.5 

K.) 

13 

0  .02 

0O7 

M. 

W'altkr 

S.    .\l)A.MS 

Tin:  Parallaxks  of  IL  1).  -f  35  4001  am.  W.  I).  +33  4013. 

In    the    Publications    of    the    Astronomical    Laboratory    at 
Croninj^en,  No.  1,  Kapteyn  and  I>onner  discuss  the  jKirallaxes 


280  PUBLICATIONS   OF  THE 

of  248  stars  in  the  region   around   H.   D.    +35°4013.     The 

choice  of  the  region  of  the  sky  covered  by  their  plates  had 

been  determined  by  the   fact  that   it  contained   three   Wolf- 

Rayet  stars.     These  three  stars  were  also  put  on  the  Mount 

Wilson  program  and  the  parallaxes  of  two  of  them  have  been 

finished.    The  results  are : 

B.D.  -f3S'4001     irrel.  =  -hO".011  ±0".005     16  exposures 
B.D.  -f3S''4013    irrel.  =  -f0".0O2  ±0".003     14  exposures 

The  measures  and  reductions  were  made  in  practically  the 
same  way  as  that  described  in  Contributions  from  the  Mount 
Wilson  Solar  Observatory,  No.  111.  To  derive  absolute 
parallaxes  the  values  found  should  be  corrected  by  about 
+0".(X)2.  The  absolute  magnitudes  are  then  +'^•1  dbO.8  and 
+0.9  ±1.8. 

The  relative  parallaxes  of  these  two  stars  are  given  by 
Kapteyn  as  -{-(y\004  and  -|-0".032,  respectively,  correspond- 
ing to  absolute  parallaxes  of  -|-0''008  and  -|-0".036,  while 
the  probable  errors  are  0''.02S  and  0''.020.  However,  from 
a  comparison  of  the  mean  parallaxes  as  given  in  Groningen  1, 
page  72,  with  those  derived  by  Kapteyn  in  Gronin^^en  8, 
])ai:^e  28.  it  seems  likely  that  these  ])arallaxes  need  a  niaji^^ni- 
tii<le  correction.  From  a  curve  constructed  from  the  values 
li^iven  in  Croiiiiij^oi  1,  pai^e  72,  it  would  seem  that  the  neces- 
sary corrections  for  the  two  stars  are  — 0''.014  and  — 0".025. 
respectively,     leaving    as    a1)solute    parallaxes    — 0'MX)()    and 

+rr.oii. 

It  is  to  he  re^^^retted  that  it  has  heen  imj)ossible  to 
derive  also  the  parallax  (tf  the  third  W'olf-Rayet  star. 
15.    1).   +3()''3V>3f).  hut  this  will   have  to  wait  until  next  year. 

1  should  like  to  correct  here  an  error  made  in  the  [)rinting' 
of  the  ])ro])er  motion  of  (>1  L\\i^}ii,  as  <.^iven  in  this  Jotrxal. 
I'\'hruar\',   IVUd: 

(A,  Cyo-ni  ^^a  should  read  =    4-4'M(y)  instead  of  -f4'M07. 

A.  VAX   AIaaxex. 


M  \(;x  iTii)i:s   A\i»   C'oLoi<  oi-    Hakxard's   Propkk-Motiox 
Star,  17^'  33-  44^  -\-  4     27\H  (1916) 

The  phot<  •L^i-aphic  and  pin  aovi.sual  mai^'nitudes  of  Barnard's 
lar^"e  propernih  >ii<  >n  ^tar  lia\e  heen  determined  by  direct  com- 
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parisons  of  the  field  with  the  North  Polar  Standards.  Ex- 
posures on  Seed  27  and  Cramer  Isochromatic  plates  (the 
latter  behind  a  yellow  filter)  were  made  with  the  60-inch 
reflector  of  the  Solar  Observatory  in  the  usual  manner. 
Measures  of  two  pairs  of  photographs  exposed  on  different 
nights  gave  the  first  of  the  following  series  of  results: 

Polar 

Comparisons  Adopted 

Photographic  Mag.        1 1 .67  1 1 .43 

Photovisual  Mag.            9.67  9.67 

Color  Index                 4-2.00  +1.76 

The  color  index  was  also  derived  by  the  method  of  ex- 
posure ratios.  Four  isochromatic  plates  were  exposed  as 
follows  (two  nights)  : 

With  yellow  filter  16, 32»     (Yellow  images) 

Without  filter  2, 4. 8, 16»     (Blue  images) 

With  yellow  filter  16, 32»     (Yellow  images) 

From  the  images  on  these  plates  it  was  found  that  the  ratio 
of  exposure  times  producing  blue  and  yellow  images  of  the 
same  size  is  0.434,  which,  for  the  emulsion  used,  corresponds 
to  a  color  index  of  1.76  ±:  0.03  (P.  E.)  mags.  This  agrees 
well  with  the  spectrum,  which  is  Mb,  and  is  much  more 
reliable  than  the  value  given  above,  as  the  photographic 
magnitudes  obtained  from  the  polar  comparison  plates  are 
discordant  and  uncertain.  Since  the  photovisual  magnitudes 
are  probably  reliable,  the  adopted  photographic  magnitude  is 
that  obtained  by  combining  the  mean  photovisual  magnitude 
with  the  color  index. 

The  following  are  approximate  results  for  the  neighboring 
bright  star  B.  D.  +4*^3560  (8».7) : 

Photographic  Mag.         9. 1 
Photovisual  Mag.  8.9 

Color  Index  4-02 

Frederick  H.  Seares. 


The  Photographic  Magnitude  of  the  Ninth   Satellite 

OF  Jupiter. 
The  brightness  of  the  Ninth  Satellite  of  Jupiter  has  been 
determined  by  direct  estimates  of  images  on  two  photographs 
made  with  the  60-inch  reflector.     Both  plates  have  equally- 
timed  exposures  on  the  Polar  Standards  and  on  the  satellite 
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field.  The  data  relative  to  the  plates  and  the  magnitudes  ob- 
tained from  them  (corrected  for  atmospheric  extinction)  are 
as  follows: 


Length  of 

No.  Comp. 

Plate 

Date 

Exposures 

Stars 

Pg.  Mag. 

3484 

1916,  Oct.  18 

32» 

7 

18.29 

3487 

Oct.  19 

32 

7 

18.32 

The  adopted  photographic  magnitude,  18.3,  applies  to  a 
time  fivQ  days  before  the  present  opposition.  Reducing  to 
the  mean  opposition  we  obtain  magnitude  18.6.  On  the 
basis  of  this  determination  the  photographic  magnitudes  of 
the  seventh  and  eighth  satellites  are  between  17.5  and  18.0. 

The  size  of  the  ^^nth  Satellite  is  readily  computed  once 
we  know  the  albedo.  Estimating  the  color-index  at  one 
magnitude  and  assuming  a  value  of  the  visual  albedo  similar 
to  that  of  the  Moon,  Pallas,  and  Ceres  (/>  =  0.1  in  Russell's 
formulae,  Astrophysieal  Journal,  43,  177,  1916)  we  find  that 
the  angular  diameter  at  mean  opposition  is  0".0O9.  If  we 
assume  a  higher  reflecting  power,  for  instance  p  =  0.25.  a 
value  near  that  of  Juno,  the  diameter  is  0".006.  The  com- 
j)aris()n  of  tliis  satellite  with  the  asteroids  is  obviously  better 
than  assuiuiiii^  for  it  a  elo^e  similarity  in  retlectini;  power 
to  the  four  larj^est  satellites  of  Juf'ilcr  for  which  the  mean 
value  of  f"  \>  i).^?. 

'i'he  linear  diametei"  of  the  Ninth  v^atellite  at  mean  oj)])o>i- 
tion  is  17.4  mile^  on  the  tirst  assum])tion  above,  and  on  the 
second  is  11. J  miles.  The  true  \'alue  is  |)ro1)a1)lv  within  the>e 
linuts.  v^iM'ii     1>.    X  iciioi.xiN. 

I  I  AIv'I.oW     v^!1.\I'1J:\  . 

\  Xi'w  \  AKiAi'.i.i;  Stak. 
In  the  Ci'ursu  (.f  the  in\esti.L;atiou  of  star  colors  in  the 
sonihern  i^lohular  chister  Messier  *>  (  X.  (i.  C.  f)333  i  se\'cral 
ohjcct-s  ha\"e  heen  found  tor  which  the  li,i;ht  apj)areutl\"  varies 
thru  small  inler\als.  (  )ne  star.  h(»we\'er,  whose  position  with 
rrspL'ct   to   llic  cenirr  ot    the   clustei"   is 

^i       7   4  Ao  r  IN" 

sh(A\s  ;i  Conspicuous  s|inrt-pei-i<  1(1  \ariation.  It  is  brii^hter 
than  uoi-ni;d  on  platrs  made  .\])ril  Jh  au'l  June  4,  l^Uh.  and 
of    lulci'mi-diatc    hi'i^htuess    or    faiiU    on    March    2'^    April    27, 
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April  28,  July  6  and  July  7,  1916.  From  compairsons  with 
F*oIar  Standards  it  appears  that  the  range  of  variation  is  in 
excess  of  a  magnitude.  At  maximum  the  star  is  photo- 
graphically fainter  than  magnitude  16.5.  It  is,  therefore, 
probably  the  faintest  variable  star  so  far  discovered. 

H.\RLOW    SHAPLEV. 


O.N   TiiK  Obskrvei)  Rotations  of   Planetary  NEBrL.i-:. 

Our  spectrograph ic  observations  for  the  detection  of  evi- 
dences of  rotation  in  the  brighter  planetary  nebulae,  reported 
upon  in  these  PruLiCATioNs,  \\)1.  28,  pp.  119-20,  June,  1916, 
have  been  continued  during  the  summer  and  fall  months.  We 
have  tested  nearly  forty  planetaries.  About  twenty  give 
definite  evidence  of  rotational  motions,  or  relative  motions 
within  the  nebula?.  For  a  half  dozen  others  we  suspect  that 
the  nebular  lines  are  inclined  to  their  nomial  directions  in 
some  cases  and  distorted  from  straightness  in  others,  as 
Doppler  effects  resulting  from  motions.  In  alx)ut  fifteen 
cases  no  indications  of  rotation  or  relative  motion  within  the 
nebulae  have  l)een  found. 

In  general  the  larger  planetaries.  and  in  general  the  nebulae 
whose  elliptic  outlines  have  the  greatest  eccentricities,  give  the 
strongest  evidences  of  rotation  or  internal  motion. 

The  smallest  nebulae  and  the  nebula?  whose  outlines  are 
most  nearlv  circular  are  the  ones  in  which  the  tests  for  rota- 
tion  have  failed.  Failure  with  verv  small  nebulae  mav  arise 
from  the  <lifficulty  in  guiding  with  sufficieiU  accuracy  through- 
out the  KMig  cxjK)sures.  and,  in  the  case  of  the  circular,  to  the 
|K)ssibility  that  the  axis  of  rotation  is  jK)inted  approximately 
toward  the  obser%'er.  It  is  apparent  that  in  the  latter  ca.sc 
the  sjxjctrographic  method  cannot  hope  to  succeed. 

A  number  of  the  ring  nebula?  give  lines  of  such  fomi  as 
to  suggest  that  the  observeil  phenomena  result  from  a  com- 
bination of  rotational  motion  and  other  tyf)e  or  types  of 
motion.  We  are  not  prepared  to  interpret  the  phenomena, 
but  in  certain  cases  a  motion  of  nebular  materials  toward  the 
central  nuclei  of  the  objects  is  at  least  suggested,  and  for 
otlier  nebulae  the  complications  seem  to  be  (S\\^  to  absorption 
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of  the  materials  composing  the  outer  strata  of  the  nebular 
structures. 

The  observations  indicate  in  general  that  the  outer  strata 
are  rotating  more  slowly  than  the  inner  strata,  both  angularly 
and  linearly.  This  is,  in  effect,  a  lagging  behind  of  the 
outer  strata. 

Measures  of  the  rotational  velocity  of  a  nebula  enable  us 
to  draw  some  interesting  conclusions  concerning  its  probable 
mass.  Assuming  that  a  particle  of  material  in  a  nebula  at 
a  given  angular  distance  from  the  center  is  moving  in 
obedience  to  the  gravitational  force  of  the  central  mass,  in 
accordance  with  Newton's  law,  then,  if  the  central  mass  is 
assumed  to  be  equal  to  the  mass  of  our  Sun,  we  should  find 
that  the  maximum  position  distances  of  the  ten  or  twelve 
nebulae  whose  observed  motions  are  interpretable  as  rotations 
lie  between  250  light-years  and  5  light-years.  Such  small 
distances  are  improbable,  in  view  of  evidence  of  other  kinds. 
If  we  assume  that  these  nebulae  are  at  distances  of  1000  light- 
years,  which  we  think  is  a  more  probable  order  of  distance, 
the  minimum  values  of  their  masses,  in  terms  of  the  Sun's 
mass,  lie  l)et\veen  4  and  210. 

As  \vc  have  remarked  earlier,  it  is  diffieult  t(^  avoid  the 
conclusion  that  the  so-called  rins;-  nebulre.  which  are  so 
j)lentifnl  amoncrst  the  j)lanetaries,  are  in  reality  not  rin.c:  forms 
in  space,  hut  elli|)soidal  shells.  If  these  forms  are  rr)tated 
about  the  luinor  axis  of  hq-ure,  which  also  seems  hii^hlv  prob- 
able, it  is  difhcult  to  account  for  their  apparent  ecjuilibrium 
under  the  usual  nitatifmal  and  gravitational  forces:  it  w<)uld 
seem  that  the  nebular  materials  in  the  ])olar  re^^'ions — the 
re.q'ions  at  the  extremities  of  the  rotation  axes — should  be 
depressed  toward  the  central  nuclei.  Are  other  forces.  possil)l\- 
includiuL:'  radiation  pressure,  involved? 

Inasnuich  as  the  observer  will  not  in  general  be  situated  in 
the  ])lanes  of  the  e(|uators  ot  rotation  of  the  nebulre.  the 
observed  rt^tational  velocities  must  l)e  smaller  than  their  true 
values,  (hi  this  accouiU.  the  actual  masses  of  the  observed 
nebuhe  slmnld  be  greater  than  the  minimum  values  assigned 
alx'xe.  The  effect  oi  an\'  i-adiation  |)ressures  would  likewise 
make  the  deduced  masses  smaller  than  the\'  are.     The  indica- 
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tions  are  that  the  nebulx  under  consideration  are  capable  of 
developing  into  something  analogous  to  our  solar  system,  but 
much  more  massive  than  is  our  solar  system. 

W.  W.  Campbell. 

November  20.  1916.  J.    H.   MoORE. 


Rkcent  Improvements  at  the  Lick  Observatory. 
Minor  injuries  to  a  large  section  of  the  west  outside  wall 
of  the  main  building  resulting  from  the  severe  earthquake 
of  July.  1911.  came  prominently  to  sight  in  the  past  winter, 
and  repairs  were  necessary.  Advantage  was  taken  of  the 
situation  to  combine  improvements  with  repairs.  The  north 
room  of  the  main  building  has  up  to  the  present  time  con- 
tained five  astronomical  clocks.  These  clocks  were  of  the 
highest  class  obtainable  at  the  time  of  their  purchase,  three 
decades  ago.  but  they  are  now  surpassed  in  excellence  by 
mo<lem  clocks.  Our  chief  dependence  in  recent  years  has 
been  upon  the  Riefler  constant-pressure  clock,  mounted  on  a 
stone  pier  within  a  separate  mason r)'  chamber  constructed  in 
the  basement  of  the  meridian  circle  house.  We  have  this 
summer  enclosed  and  given  finish  to  a  room  of  considerable 
size  in  that  basement,  with  the  Riefler  clock  chamber  in  one 
corner  of  the  room..  The  Dent  sidereal  clock  and  the  Frods- 
ham  mean-time  clock  have  been  moved  from  the  old  clock 
room  to  a  suitable  enclosing  chamber  in  the  new  room.  One 
Hohwii  sidereal  clock  from  the  old  clock  room  has  been 
mounted  in  a  new  protecting  case  on  one  of  the  strong  piers 
in  the  meridian  observing  room.  The  other  Hohwii  sidereal 
clock  has  been  transferred  from  the  old  clock  room  to  the 
observers'  room  at  the  Crossley  dome.  The  Howard  mean- 
time clock  has  been  moved  to  a  new  protecting  case  near 
the  intersection  of  the  corridors  of  the  main  building,  where 
it  is  in  convenient  position  for  members  of  the  staff  and 
community,  and  where  the  visiting  public  may  compare  their 
watches.  The  old  clock  room  has  been  converted  into  an 
astronomer's  office.  The  large  office,  known  to  all  members 
of  the  staff,  past  and  present,  as  the  Assembly  Room,  has 
been  divided  into  two  offices.  The  north  wing  of  the  main 
building  now  contains  four  large  offices,  each  with  two  win- 
dows.    It  has  always  been  difficult  to  heat  the  old  offices  on 
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windy  days,  as  the  rooms  were  sixteen  feet  from  floor  to 
ceiling.  New  ceilings  have  reduced  the  height  to  twelve  feet. 
The  switchboard  which  serves  to  connect  clocks,  chronometers, 
chronographs  and  observing  rooms  at  the  will  of  the  observer, 
has  been  moved  from  the  main  corridor  to  a  point  in  the 
meridian  circle  room  immediately  above  the  new  clock  room. 
A  new  stairway  leads  directly  down  from  the  main  floor  of 
the  meridian  circle  house  to  the  entrance  door  of  the  new 
clock  room.  W.  W.  Campbell. 


Note  on  the  Spectrum  of  the  Nebula  N.  G.  C.  7293. 

In  these  Publications,  24,  228,  1912,  Dr.  H.  D.  Curtis 
called  attention  to  an  interesting  nebula,  N.  G.  C.  7293 
(a  =  22^  24.™3;  8  =  21°  21').  The  long-exposure  photo- 
graph made  with  the  Crossley  reflector,  and  reproduced  with 
Dr.  Curtis's  article,  seems  to  indicate  a  helical  or  ring  form 
for  this  object.  Its  extreme  diameter,  including  the  faint  ex- 
tensions, is  about  fifteen  minutes  of  arc.  It  has  therefore  the 
largest  angular  diameter  of  any  ring-form  object  known. 

Considerable  interest  attaches  to  the  spectral  type  of  this 
iichiila,  on  account  of  its  i^rcat  ap|)arcnt  size  and  rci^ular 
form,  \isnal  ol)scrvations  of  its  siK'Ctruni  were  recently  made 
l)y  us  with  a  three-prism  .s|)ectroL,^ra])li  mounted  on  the  v^O-inch 
refractor.  With  the  sHt  phiced  nj)on  the  ^troni^er  northern 
vdi^c  of  tlie  nehnhi.  the  hrii^ht  hne  of  nel)nhum  at  3(X)7.\  was 
easily  seen,  and  we  were  able  to  i;'limj)se  the  nel)nlium  line  at 
4*>5*>  \.  \\'ith  the  slit  upon  the  o|)])osite  l)ri<^ht  re^^ion  (the 
>onthwe>l  edi;;e  )  the  two  nehulinm  lines  were  still  visil)le.  hut 
\'er\'   faint. 

The  sj)ectrum  of  this  nebula  is  then  of  the  brii^ht-line  t\pe 
characteristic  oi  planetary  nebuhe.  It  mav  l)e  that  X.  O.  C. 
73 ^>  is  one  iA  the  nearer  planetaries  to  our  solar  system. 

W.  W.  C A.MPr.in.r.. 

J.  II.  MooKK. 

.Mr.  Kerdinand  John  .Xeubauer.  A. P..  I^'IO  and  .\.M.  l')12 
I'niver.sit)'  of  (  )re_qon,  at  present  Teachinic:  Fellow  in  the 
Berkeley  Astronomical  iK'partment,  has  been  appointed 
I  niversily  hellow  in  the  Lick  (Observatory  for  the  ^econrl 
semester  of  the  current  \ear,    lanuarv  to    julv,   VH7. 
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GENERAL  NOTES. 

Th^  Diameter  of  the  Pupil  of  the  Eye. — An  interesting 
note  on  this  point  is  given  by  Mr.  W.  H.  Steavenson  in  the 
Journal  of  the  British  Astronomical  Association  for  June,  1916: 

•* Nearly  every  textbook  dealing  with  the  practical  side  of  astronomy 
contains  the  familiar  statement  that  the  lowest  power  which  can  use- 
fully be  employed  on  any  telescope  is  one  of  five  to  each  inch  of 
aperture.  This  statement  is,  of  course,  based  on  the  assumption  that 
the  average  diameter  of  the  human  pupil  is  one-fifth  of  an  inch.  It 
is  impossible  to  find  out  how  the  adoption  of  this  value  originated, 
but  it  was  presumably  the  outcome  of  an  inquiry  addressed  by  some 
astronomer  to  one  of  his  physiological  friends.  If  this  was  so,  it  is 
somewhat  unfortunate  that  the  physiologist  omitted  to  mention  that 
the  value  given  was  only  a  daylight  average.  As  such  it  is,  no  doubt, 
very  fairly  correct,  but  it  obviously  has  no  useful  application  to  the 
astronomical  telescope,  which  is  used  almost  entirely  at  night.  The 
question  which  really  concerns  the  astronomer  is:  what  is  the  average 
diameter  of  the  pupil  under  ordinary  observing  conditions,  i.  e.,  m 
semi-darkness  ?** 

Mr.  Steavenson,  to  test  out  this  time-honored  tradition, 
adopted  the  ingenious  plan  of  taking  flashlight  photographs 
of  several  persons  in  a  darkened  room,  allowing  about  ten 
minutes  in  each  case  for  the  pupil  of  the  eye  to  adapt  itself 
to  the  semi-darkness.  The  average  pupillary  diameter  for 
dye  subjects  was  found  to  be  just  over  one-third  of  an  inch. 
Statements  in  nearly  every  astronomical  textbook  will  have 
to  be  changed  as  the  result  of  these  simple  experiments. 

This  improved  value  has  a  direct  bearing  upon  the  value 
of  the  lowest  magnifying  power  which  can  be  employed  with 
a  telescope.  The  emergent  pencil  of  rays  from  an  eyepiece 
must  have  a  smaller  diameter  than  that  of  the  pupil,  other- 
wise the  full  aperture  of  the  lens  is  not  utilized.  It  would 
seem  then  that  the  lowest  practicable  j>ower  is  about  three 
to  each  inch  of  aperture,  a  point  of  considerable  importance 
in  observing  very  faint  objects  or  in  searching  for  comets. 

In  this  connection  it  is  of  interest  to  note  that  the  Reverend 
John  Michell,  in  a  paper  in  the  Philosophical  Transactions 
for  1767,  makes  the  statement:  "for  the  pupil  of  the  eye  is 
not  less  than  a  third  of  an  inch  in  diameter,  in  a  clear  star- 
light night,  when  there  is  no  moon.**  Whether  this  anticipa- 
tion of  Steavenson*s  results  was  the  result  of  experiments  or 
merely  a  lucky  guess  on  Michell's  part  can  not  be  deter- 
mined, as  only  the  bare  statement  is  given. 
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A  Remarkable  Aurora. — On  the  evening  of  August  26  an 
aurora  of  phenomenal  brilliancy  and  magnitude  was  seen  over 
all  southern  Canada  and  in  the  northern  States.  Observa- 
tions have  been  reported  from  places  in  Nova  Scotia  and 
British  Columbia,  three  thousand  miles  apart.  The  display 
reached  its  greatest  beauty  in  parts  of  Canada,  where  it  is 
described  as  filling  the  entire  visible  hemisphere  of  the  sky. 
It  does  not  appear  to  have  been  seen  in  California;  should 
any  observers  in  this  latitude  have  noticed  the  phenomenon, 
they  are  invited  to  send  brief  notes  of  the  display  to  Dr.  C.  A. 
Chant,  University  of  Toronto,  Toronto,  Canada. 


MINUTES    OF    THE  SPECIAL    MEETING    OF    THE 
BOARD  OF  DIRECTORS  OF  THE  ASTRO- 
NOMICAL SOCIETY  OF  THE  PACIFIC, 

Held  in  the  Rooms  of  the  Society  on  October  7,  1916, 

AT  12:15  p.  M. 

This  was  a  special  meeting,  called  by  the  President  be- 
cause of  the  failure  of  the  regular  Board  Meeting  in  August, 

when    the    Society    went    to    San    Diego,    and    having    for    its 

special  jnirpose  the  consideration  of  certain  plans  to  estahli>ii 
a  lecture  course  and  to  increase  the  membership  of  the 
Society. 

There  were  present:  President  S.  I).  Townley  and  Director^ 
Cam])l)e]l.  Cushing.  Curtis.  Leuschner.  Markwart,  Ilodghead 
and  Richardson,  iiy  s|)ecial  invitation  there  were  als(^  present 
the  following  non-official  members  of  the  Society:  Dr.  R.  G. 
Aitken,  Mr.  I.  Costa.  Professor  ("ieo.  C.  Edwards,  Dr.  Sturla 
Einarsson,  Mr.  J.  I).  Cialloway,  Mr.  P).  A.  Baird  and  Mr. 
F.   R.   Ziel. 

The   following  were  elected   members  of  the   Society: 

Prince  Rohani  Thirunal    Raja, 

Assistant   Director  and   .\stronomer. 
Royal    (  )bservator\-.    Trivundrum. 
Tra\ancore,    India. 
Martinns  Nijhoff,  R.  E.  Vandrufif, 

S.    C.ravcnhage.    Netherlands.  San  Diego,  California. 

Mrs.   Marie  Caul  Ci^x, 

El  Centro,  lmj>erial  County,  California. 
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The  President  called  for  a  rejxjrt  from  the  committee 
ai)pointed  at  the  meeting^  of  January  2^),  1916.  to  consider 
plans  for  increasing  the  membership  of  the  Society.  Dr. 
Aitken,  the  Chairman  of  the  Committee,  stated  that  the  refx^rt 
he  would  submit  was  the  result  of  numerous  conferences 
with  many  active  members  of  the  Society,  especially  Messrs. 
Campbell,  Curtis,  Costa,  Cushing  and  Richardson.  He  pre- 
sented two  definite  recommendations,  and  after  full  discussion 
by  all  present  these  were  embodied  in  two  resolutions  as 
expressing  the  sense  of  the  meeting.  The  first  resolution, 
moved  by  Director  Leuschner,  seconded  by  Director  Cushing, 
and  unanimously  adopted  was: 

Ri'solit'd.  That  in  order  to  stimulate  interest  in  Astronomy,  and 
in  the  work  of  the  Astronomical  Society  of  the  Pacitic,  a  series  of 
lectures  I>e  given  in  San  Francisco  this  winter,  two  before  the  Christ- 
mas holidays,  and  the  others  after,  on  dates  other  than  those  of  the 
regular  meetings  of  the  Society;  that  provision  be  made  to  pay  the 
expenses  of  lecturers,  to  secure  a  hall,  lantern,  ^nd  adequate  advertis- 
ing;  that  the  first  two  lectures  of  this  series  be  given  by  Dr.  Campbell 
and  that  the  others  be  given  by  competent  speakers  to  be  named  later. 

The  President  appointed  a  committee  consisting  of  Aitken, 
Costa.  Cushing  and  Richardson,  to  make  arrangements  for 
these  lectures  and  properly  advertise  them.  Incidentally,  it 
was  understood  that  expenses  for  these  lectures  were  not 
to  come  from  the  regular  funds  of  the  Society,  but  that  they 
were  to  be  provided  for  from  private  subscriptions. 

The  second  resolution,  presented  by  Director  Curtis  and 
seconded  by  Director  Markwart.  and  unanimously  adopted 
was : 

Kesoh'cd.  That  a  committee  of  three  be  appointed  by  the  President 
to  prepare  a  personal  letter  of  invitation  to  join  the  Society,  and  that 
said  letter  be  sent  to  such  persons  as  may  be  named  by  present  mem- 
l>ers  of  the  Society;  that  Dr.  Campbell  l>e  made  Chairman  of  this 
committee  and  one  of  the  sponsors  of  the  letter,  and  that  all  members 
of  the  Society  be  urged  to  send  in  a  list  of  such  names  to  the  Secre- 
tary at  an  early  date. 

The  President  stated  that  he  would  name  the  two  members 
to  serve  with  Dr.  Campbell  on  this  committee  at  a  later  time. 

Adjourned. 

D.  S.  RiCH.XRDSON, 

Secretary. 
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MINUTES    OF    THE    SPECIAL  MEETING    OF   THE 
BOARD  OF  DIRECTORS  OF  THE  ASTRO- 
NOMICAL SOCIETY  OF  THE  PACIFIC, 

Held  in  the  Rooms  of  the  Society  on  October  28,  1916, 

AT  12:15  p.  M. 

There  were  present  President  Townley  and  Directors  Cush- 
ing,  Markwart,  Leuschner,  Burckhalter  and  Richardson. 

The  President  announced  that  the  reason  for  calling  a 
special  meeting  of  the  Board  was  to  take  proper  action  in 
regard  to  a  generous  gift  to  the  Society  by  Mr.  Adolfo  Stahl, 
for  the  maintenance  of  a  course  of  popular  lectures  on 
astronomy. 

After  full  discussion  by  the  Board  the  following  resolutions 
were  introduced  by  Director  Markwart,  seconded  by  Director 
Leuschner,  and  unanimously  adopted : 

Whereas,  A  distinguished  service  has  been  rendered  to  the  science 
of  Astronomy,  and  to  the  Astronomical  .Society  of  the  Pacific,  by  the 
liberal  action  of  Mr.  Adolfo  Stahl,  of  San  Francisco,  in  donating  a 
generous  sum  of  money  to  the  Society  for  the  maintenance  of  a  course 
of   jxipiilar   lectures   on   astronrMnicnl    <ul)jects:    therefore   be    it 

Rrst'liciL  That  the  tli.inks  of  the  Astronomical  Sociel\'  of  the 
Pacific  are  due  and  are  here1)>  gratefully  extended  to  Mr.  Stahl  f^r 
his   iienerous  gift. 

/xrsi'lml.  That  the  fund  so  donated  shall  he  known  as  Thf  .XdoLFo 
Sr.'Xm.  l.KnkK  Imxk  of  the  Astronomical  Society  of  the  Pacitk^  and 
that  tlie  course  <>f  lectures  to  l)e  .Lii\en  therc-imder  shall  lie  designated 
as  Tm:   Anoi.Fo  St.\hi.   I.kc  irkb;  Coiksk  of  said   Society. 

l\rs<>l:i-(l .  That,  in  accordance  with  the  proxisions  of  Section  I  of 
Article  II  of  the  P>\-Law,s  (»f  tlie  .Astronomical  Society  of  the  Pacific. 
Mr.  Staid  l)e  declared  a  I'.vtkon  tliereof,  and  that  he  he  elected  to  Life 
Mrmhershii)   in  said  Socict\    with  all  the   i)ri\ileges  attached   thereto. 

Willi  a  view  tc  more  fully  outline  the  duties  and  j^owers 
(A  the  Special  Lecttire  Coinmiltee  a|)])ointed  at  tlie  Si)ecial 
iJoard  Meeting'  of  (  )ctol)er  7.  PU6,  the  follow  ino-  motion  was 
made  1)\-  Director  Leuschner.  seconded  by  Director  Cushin^". 
and,  after  divctission,  carried: 

M(>:,-il,  That  full  power  he  conferred  upon  the  Lecture  Conmiittee 
api)ointed  at  the  Si>ecial  Poard  Mrrtin^^  "d'  Octi^her  7.  1916.  and  con- 
si^tinc;  <~tf  .Messrs.  Aitk<,n.  Cosia.  Cushini;  and  Pichardson.  to  procted 
with  arran.m  nitiii  •-  lor  a  course  of  si\  lectures,  as  per  plans  alread\' 
outlined.    >anu-    !"»    lie    gi\en    under    the    au^j)ices    of    the    Adolfo    Slalil 
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Lecture  Fund.    The  Cotnmittee  shall  have  power  to  incur  all  necessary 
expenses,  secure  speakers  and  fix  dates. 

The  following  new  members  were  elecfted : 

Mr.  Louis  Rosenthal,  of  San  Francisco. 

Mr.  Sam  B.  Stot,  of  San  Francisco. 

Mr.  Arthur  M.  Brown,  of  San  Francisco. 

Mr.  Cabell  C.  Kinney,  of  San  Francisco. 

Mr.  Frank  J.  Devlin,  of  San  Francisco. 

Mr.  Bertran  E.  Abrahamson,  of  San  Francisco. 
.Xdjoumed. 

D.  S.  Richardson, 

Secretary, 


MIXLTES  OF  THE  MEETING  OF  THE  BOARD  OF 

DIRECTORS  OF  THE  ASTRONOMICAL 

SOCIETY  OF  THE  PACIFIC, 

Hku)  on  Saturday,  November  25,  1916,  at  5:45  p.m. 
AT  Stanford  University,  California. 

This  meeting:  was  originally  called  for  2:00  p.m.  of  the 
same  date,  ^n  the*  office  of  President  Townley,  on  the  campus 
of  Stanford  University,  but  was  adjourned,  for  want  of  a 
quorum,  until  5:45  p.m.,  when  the  Directors  met  at  the 
Stanford  Inn  and  held  their  session  about  a  very  daintily  pre- 
pared dinner  table,  due  to  the  art  and  thoughtfulness  of  the 
President. 

There  were  present  President  Townley  and  Directors  Camp- 
bell. Curtis,  Coniish.   Leuschner.  Hodghead  and  Richardson. 

Miss  Rosa  Isaac,  of  San  Francisco,  was  elected  as  a  student 
member  of  the  Society. 

A  vote  of  thanks  was  extended  to  Mr.  John  Goss.  of  San 
Francisco,  for  the  gift  to  the  library  of  the  Society  of  four- 
volumes  oi  El  Solid. 

\  communication  from  Mr.  Adolfo  Stahl  was  read  by  the 
Secretary,  thanking  the  Board  for  the  title  of  Patron, 
recently  conferred  uiK)n  him,  and  for  the  honor  of  Life 
Membership. 

.A  communication  was  read  from  Mr.  Albert  L.  Barrows, 
Secretary  of  the  Pacific  Division  of  the  American   Associa- 
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tion  for  the  Advancement  of  Science,  asking  the  sense  of  the 
Board  as  to  an  annual  assessment  of  $5.00  upon  each  of  the 
fourteen  societies  now  affiliated  with  the  Pacific  Division.  On 
motion  of  Director  Leuschner,  seconded  by  Director  Camp- 
bell, the  Affiliation  Committee,  consisting  of  Dr.  Townley 
and  Dr.  Crawford,  was  instructed  to  reply  to  Secretary 
Barrows  that  the  plan  of  levying  an  assessment  as  above 
noted  had  the  approval  of  the  Astronomical  Society  of  the 
Pacific. 

The  following  were  appointed  an  Auditing  Committee  to 
examine,  and  report  at  the  next  annual  meeting,  upon  the 
accounts  of  the  Treasurer: 

Charles  S.  Cushing,  Chairman, 

John  D.  Galloway, 

Dr.  Sturla  Einarsson. 

The  Board  then  resolved  itself  into  a  Special  Session  to 
consider  the  award  of  the  Bruce  Gold  Medal  for  the  year 
1917.  Proxies  from  Director  Cushing  and  Director  Mark- 
wart    were    held    by     Directors    Campbell    and     Richardson 

res|)cctivcly. 

Xominatioiis  were  read  from  five  of  the  six  iioiniTiatini^'^ 
ol>ser\'atories,   Lierlin  alone  not   res])on(lini^. 

.\fter  a  very  fnll  and  candid  discussion  of  the  merits  of 
the  various  names  presented,  the  tnianimotis  clioice  of  tlie 
Board  fell  u])on  Trofessor  li.  K.  iiarnard.  of  the  \'erke^ 
Observatory. 

Adjourned. 

1).  w^.  RlCIIARDSoX. 

Sccrrtary. 


MIXITES  i)V  THE  MEETING  OE  THE  ASTROXOMl- 
C.\E  SOCIETY  OE  THE   PACH-IC 

AT  Stani-oki)  I'xiNKR.srrv  ox  Xo\i:m  i:i:k  23.  VHd, 

AT  8:00  p.  M. 

By   cotirtesy   of   the   anthorities  of   Eeland    v^tanford   Jnnior 
University,   the   regular   meetini^  of  the    Society  on   this   date 
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was  held   in   Room   ICX),  known  as  the  **Little  Theater/*  on 
the  inner  (juadrangle,  near  the  President's  office. 

Dr.  \\*.  W.  Campbell,  Director  of  Lick  Observatory,  de- 
livered an  illustrated  lecture  on  **Comets.''  The  lecture  gave, 
in  non-technical  language,  an  account  of  the  present  state  of 
onr  knowledge  of  these  interesting  bodies  and  was  fully 
illustrated  by  lantern-slides. 

Adjourned. 

D.  S.  Richardson, 

Secretarw 
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OFFICERS  OF  THE  SOCIETY. 

S.    D.    TOWKUSY 

C.  S,    CUSBUG 

H.  D.  Cuiiii Stceni  ^ 

A.  H.   MUKWUT TkM  VictP* 

D.  S,   Ricii*u»OK StCTtlan  '     '  ~ 

Board   ot    Diritlcn—CHAi,    Buhckhaltii,    W.    W.    Camp.eu.,    F. 

Wm.   a.  Ctocxtt.    H.    D.   Cdiiii,   C.    S.   Cuikivg,    B.    L.   Hod 

' '       "      ■■    ■,    D.    S.    RlCHAlMON,    S.    D.    TOWBl 

P„blicalioH  Commitift—R.  G.  Aitkek,  H.  D.  Cuitii,  U.  SuArLBv. 
FUanct  CimmilUt—C.  S.  Cii»bi«c,  W.  H.  C«ocki..  A.  H.  M««KW»_. 
Library  Commilur—D.  S.  Richasdjon.  F.  V.  Comma,  F.  E.  Biaicb. 

Article  VIII   of  Ih*   B»-L.ws  of  the  Society,   u  ainended   ia   1903. 
fnllow*;     "Each  iclive  membci  ihBll  pay.  u  annual  duel,  the  >iun  of  6n 
due  on  the  firil  dni  of  January  each  year  '■     id»ance.     When  a 
eleciEd  durini  Ihe'flTBt  quaner  "<  u-~  — -r.        .ImU  pay  full  due 
when  ejected  during  the  iccon      \ait  -        11  par  three  fourths  only  O 

duo;  when- elected  during  the       iM  t  iball  pay  onr  "-"     -'-   - 

duet;  when  elected  during  the  -■'  ihall  pa;  one 
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